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As nitrogen occupies an important place in fungal nutrition, study of the nitrogen 
requirements of fungi has attracted various workers. A large amount of literature 
has accumulated on the subject and it is evident from its perusal that all nitrogen 
Sources are not equally suitable for different fungi. The fungi have definite speci- 
ficity for the nitrogen compounds they can utilize. Robbins (1937) and SteiiAerg 
(1950) have classified the fungi according to their ability to utilize different sources 
of nitrogen. The four main groups suggested by Robbins are as f^ollows : — 

1. Fungi utilizing nitrate, ammonium and organic nitrogen and are capable 

of fixing elemental nitrogen also. 

2. Fungi utilizing organic nitrogen, ammonia and nitrate nitrogen but are unable 

to fix elemental nitrogen. 

3. Fungi utilizing organic nitrogen and ammonia . 

4. Fungi utilizing organic nitrogen alone. 

Mix (1953) had reported that all species of Taphrina showed a characteristic 
pattern of nitrogen utilization. Some host forms within the species agreed closely 
in behaviour while others showed various degrees of difference. The present investi- 
gation deals with the nitrogen requirements of the two strains of Fusarium coeruleum 
isolated from potato and Colocasia antiquorum. 


I 


kAtBftlAL AN0^MfiTtt6DS 

Pmarium coemlmm was isolated from diseased potato and Cohmsia amknu. 
rum. Single spore cultures were prepared by the usual method. Asthana and Haw 
leer’s medium A containing 5 gm glucose, 1-75 gm., KH- PO^, 0-75 gm MeSO 7Ji 
« 8»., KNO. and 1 litre water was tied basil tneiium Tn 'order to 'tS 
the effect of various ndrogen compounds they were singly substituted for KNO 
of the basal medium. The quantity of different compounds was .so adjusted as^ 
to contain an amount of nitrogen equivalent to that present in 3-5 gm. of KN(C 

basis of previous investigations. Four replicates were used for each ircalincnt. 

1 were autoclaved at 15 lbs. pressure for 15 minutes iind after ino 

culation they were incubated at room temperature for 15 day.l 

Following nitrogen compounds were tried ; 

I. Inorganic compounds 


s...moS™rSL^rrdi^‘rtr.t:tdSr^^^^ 

I. Organic compounds 

(a) Monoamino monocarboxylic acids 
1-phenyl-alanine, glycine, d-aianine 

(d) Monoamino dicarboxylic acids 
l-aspartic acid 

^des of monoamino dicarboxylic acid 
1-asparagine 

(d) Basic aminoaoids 
Histidine 

(e) Acid amides 
acetamide 

(/) Amines 
urea 

(g) Proteins 
peptone 

(A) Sulphur containing amino acid 
cystein 


OBSERVATIONS 

Jrded in TablT?^* ^ growth on various media arc re* 
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TABLE r 


Showing the dry weight of the two strains of Fusarium coeruJeum on media 
containing equivalent quantities of different nitrogen compci’nds. 


Dry wt. in mgms. 

No. Nitrogen compounds 

F. coeruleum F. cocruleum from 
from potato C. antilquorum. 


1. 

Acetamide 

94-4 

113-4 

2. 

Potassium nitrate 

90-2 

146-0 

3. 

Asparagine 

87-6 

.96-2 

4. 

Aspartic acid 

82-0 

116-4 

5. 

Glycine 

81-4 

110-0 

6. 

1-phenyl-alanine 

77-4 

112-2 

7. 

d-alanine 

700 

106-0 

8. 

Peptone 

66-2 

92-2 

9. 

Sodium nitrate 

64-8 

100-0 

10. 

Ammonium nitrate 

63-4 

82-4 

11. 

Histidine 

62-2 

82-0 

12. 

Cystcin 

580 

76-0 

13. 

Ammonium sulphate 

49-6 

65-2 

14. 

Ammonium chloride 

46-2 

53-0 

15. 

Sodium nitrite 

41-4 

112-6 

16. 

Urea 

40-0 

77-6 

17. 

Hydrazine hydrochloride 

310 . 

39-6 

18. 

No nitrogen 

00 

0-0 


Summary of dry weight results and conclusions at 5% level of P. 

S.E. C.D. at 5% 

3-4 9-5 

Dry weight results of the potato strain 

Nos. 1 2 3 ^ ,± 7 8 V 1 0 11 i2 JTs 14 

15 Jd 17 



Dry weight results of Colocasia strain 

Nos. 2 > 4: 1 15 6 5 7 9 “3 S > JO 11 jf, 12 > 

13 >' 14 > 17 


It is clear from the above table that the growth of the Calmash) strain on various 
nitrogen compounds used in the present investigation is signjficenlly heller than that 
of the potato strain. The dry weights recorded in the above table shew that %imi- 
ficantly good growth of the potato strain was observed on acetamide. poUHsimn Vi- 
trate, asparagine, aspartic acid, glycine and 1-phenyi alanine. The diffcrerccs in 
growth between acetamide, potassium nitrate and asparagine were stiuislkallv 
insignificant. Similarly there was no statistical difference Iwtwcen pola.Hsiiim nitrate 
asparagine, aspartic acid and glycine. The growth on aspartic acid, glydne tu d 
1-phenyl-alanine was statistically similar and was less tfian that on aceti midc. 

Moderate growth of the potato strain was recorded on d-aknir-c, peptone, so- 
dium nitrate, ammonium nitrate, histidine and cystein. StatislicallY there no 
difference m the growth on the above compounds except on d-aki'ir'c ( n which the 
growth was more than that on cystein. 

growth of the above strain was recorded on ammonium siil- 
phate ammomum chloride, sodium nitrite, urea and hydraxirc hYdrechforide TTm 

SS ammonium chloride was similar. Smtistically 

and mea ^ weights of ammoriiim chloride, sodium nitrite 

tioned above. ® ‘‘«y compound men- 

ium aitra?e'^inThistiSne^’^%?^^^^^ a,sprj*gire. peptone, ammon- 

similar and ™ more than flu. rleSd o"„ 

ammonium*^'^^,^^and*^^^yd^nr iivlrooMo nmnioniMm .ulpimtc. 

growth between meJ id cS^Growte JS^^^ 'ntere was no difrctcic in 

fulphate which was better t2n ammSmn^hhSS” mwe than on nmmrnitim 
|east growth amongst the comnnuTi^tc"^-^]} hydrothlt tide pave 

Winseon,dno, XtatheTSJa£»„7K;l'’‘" '« 

of nitrogem ' PoSim n7tram*suoi)ormd Iv S'f '''‘''’’7 'I'lfr'r"' 

while acetamide was most suitable\r the^imtn 

and asparagine were statistically similar ^**^*“'” ^^*‘*'** r^diHsium nitmte 

F.coeruleum from potato though it was onlv^m^i®*'^? supported good growth of 
d-alaiune, sodium nitrate and sodium nitriiA source for C'olocasja sttain. 

from Colocasia while the potato strain showAT^*^^ growth of mrukum 

sodium nitrate and poor on scd^ii nftr i 

™ nitrite. Significantly get d growth of the Colo- 



casia strain on sodium nitrite is interesting as- many- fungi do not grewnn it, "Cystein 
supported moderate growth of potato strain and -poor of tlie other strain* 


DISCUSSION 

In the present investigation good growth of the two fungi was recorded on potas- 
sium nitrate. Similar results were obtained by Tandon and Grewal (1956) . Sub- 
ramanian and Srinivasa Pai (1953), Matsumato (1921), Neal et al(1933), Uppal etal 
(1938), Leben and Keitt (1948) and Srivastava (1951) for Gloeosporium sp. and CoHe- 
totrichum papayae^ Fusarturn vasinfecimn^ Rhizoetonfa, Phymatotrichum omnivoru^h 
V^nluria inaeqmlis Ahernaria tenlus respectively. Fergns 
worlcing on Fenicillium dip^itatitm found that nitrates (with the exception of 
(NH4N0g) were cither not at all utilizedor were only very poorly utilized. Wooster 
and-Cheldelm (1945), however, found that potassium nitrate was a poor source for th^ 
growth oiPenicillium digitatum. Sodium nitrate supported good growth of F. coeruk'^ 
ww isolated from Colocasia though it was only a moderate source for the potato strain. 
Neal et al (1933) and Grewal (1954) obtained good growth of Phymatotrichum omni^ 
vqrum , and Gloeosporium musarum, G. papayae, and Colletotrichum papayae on sodium 
nitrate but according to Tochirai (1926) it supported poor growth of Fusarium Uni 
Willie Rhtzopus oryzae investigated by Lockwood et al (1936) was unable to use it. 
/^monium nitrate supported moderate growth of the .two strains of F. coeruleuhi. 
The result of Grewal (1954) for Alternaria tenuis^ Gloeosporium musarum and G, pap aye 
were similar, but Tochinai (1926), Neal et.al (1933) and Wooster and Cheldelin (1945) 
touna It poor source of nitrogen for the fungi investigated by them.. The 

growtn 01 both the organisms was poor on ammonium sulphate and ammonium chlc- 
results with ammonium sulphate were obtained by Patel et al (1950) 
and Neal et al (1933) fot Pestalotia psidii ^nA Phymatotrichum on?nfvon/m respecti- 
vely. Subramanian and Srinivasa Pai (1953) reported that ammonium, sulphate was 
a poor soume of nitrogen for vegetative growth of Fvsorivm rosinfcctvm, Hacsiaylo, 
Lilly and Barnett (1954) found that ammonium sulphate, restricted the growth of 
species studied by them but Wolf (1953) observedthat it supported geed gT'owth 
1 Tochinai (192^ , Srivasjtava (1951) and Tandon. and Grewal (1956) 

also obtained poor growth of their fungi on ammonium chloride. Tlie results obtained 
oy Mix (1952) established that Taphrina americana and F. caerulscens were unable 
to use nitrogen from ammonium chloride. . . 

Hydrame hydrochloride supported only p.cor growth of the two strains of F. 
coerw/ewm. Tandon (1950) working with malorum mi P. psidii as well as 

Brocjc (1951) With Morchella esculenta obtained no growth on hydrazine hydrochloride. 


. . nitrite nitrogen is considered toxic to fungi but Lcchwocd 

1 (1938), Talley and Blank (1941), Ramakrishnan 0948); 

Brock (1951), and Marsden (1954). had reported thzt Rhizopus oryzae, Blakeslea tris- 
pora 1 hymatotrichum omnivorum, Piricularia sp., Morchella esculenta and Hormo- 
aenarum vesinae. could grow on nitrites. The present results confirm their observa- 
tions and add two strains of F. coeruleum to the list of fungi which grow on nitri- 
tes. intact the Colocasiasttainhadfairly good growth on sodium nitrite. Brcck (1951) 
nas suggested that the toxicity of nitrites may be associated with pH range specially 

cultured in the acid range where nitrites are reported 
to be toxic by Cochrane (1950) and Cochrane and Conn (1950). He has further poir- 
xtU Morchella esculenta could develop well on nitrites because it grows best 

nen tne reaction of the medium is near about the neutral point. In the present 
investigation, however, it was found that F. coeruleum could grow well even when the 
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pH of the med’um was 6‘4 (i. e. even when the medium w,s acidic). A more detailed 
investigation of the role of pH in the utilisation of sodium nitrite by F. caemkum 
was undertaken by Tandon and Agarwal (1953) . They showed that the two strains 
of F. coeruleum could grow in fairly acidic media fpH4 for Colocasia strain and 4'4 
for the potato strain) but whenever growth took place in an acidic medium (lie final 
reaction became markedly aUcaline. Cochrane (1950) niid ( (K'hrane and f win 
(1950) have reported that nitrites were toxic in the acid range but Tandon and 
Agarwal (1953) have suggested that the marked growth of Uic two strains of 
F. coeruleum under those conditions may be due to the activity of these oiganistns 
which changed the medium from acidic to alkaline range. They found that when 
the initial pH was only 4 the potato strain modified the final pH to 5‘fi only, at d 
no marked growth of that strain was noticed thou^i the oilier strain medilkd 
the pH to 8.8 and it showed a good growth. They concluded that in some cases it 
may be possible to observe good growth on fairly acidic media hut it seems that the 
good growth appears only after the medium becomes alkaline, lliey also stiggnstrtl 
that the nitrites do not kill the organism at the acid range but merely inhibit 
the growth- which becomes possible after the medium becomes alkaline. 

Glycine supported good growth of the two strains of F. cacrukum. Similar 
results were obtained by Steinberg (1942), Gottlieb (1946), Wolf et al (19.50) and Con- 
verse (1953) for Aspergillus niger, Fusarium oxysporum, Monosporitm ttplpspmfmm 
and Helminthosporium gramineum respectively but Wooster ard Cheklelin tl*WI5), 
Wolf (1945), and Brock (1951) obtained poor growth of the fungi studied by them. 
Wolf and Shoup (1943), however , observed that all species of Al!omyce.s tried by 
them were unable to assimilate glycine. 

Good growth of the Colccasia strain was obtained on d-alaninc hut the growth 
of the potato strain was found to be moderate. Steinberg (1942), Sfiva.stava (195!) 
and Wolf (1953) have reported that d-alanine supported good growth of Aspvrgilhis 
niger, Alternaria tenuis, and Ustilago zeae but Lockweed et al (1936), Wolf (1949), 
and Wolf et al (1950) obt^ned only moderate growth of their fungi. l-l*la‘nyj ala- 
nine supported good growth of the two strains of F. coeruleum. Similar results were 
obtained by Gottlieb (1946), Wolf (1949), Srivastava (1951) end Grewii! (19.*4) for 
the fungi investigated by them. Meshet et al (1936), Steinberg (19421. and %'« If el 
al (1950), however obtained only poor growth of their furgt on !-pheny! alimirc. 
The results obtained with aspartic acid were similar to those of Mosher et id (1936), 
Steinberg (1942), Brock (1951) and Srivastava (1951), hut llwy dtflered from thof,c 
of Tandon and Grewal (l.c.) who obtained poor growth of Ckeosporlum mimrum, Cu 
pap&ye, and Colletotrichum papayae. 


Spermophthora gossypii, Nematospora coryll and N, gos.<iypli investigated by 
Fairies and Bell (1930) could not grow on asparagine but it was found to support good 
growth of the potato strain of F. coeruleum. Similar results were obtained by Toefii- 
nai (1926), Mosher et al (1936), Wooster and Cheldclin (1945), Gordon (195«), Ihitel 
et al (1950), Brock (1951), Srivastava (1951) and Wolf (1953) etc., for the fungi investi- 
gated, by them. F. coeruleum from Colocasia developed only moderate growth on as- 
paragine. The growth of both the strains was moderate on histidine w'hkh .".uppor- 
ted; good growth of £/jrr7<7gc> zeae Wolf (1953) and Gbeo-sporimn &p. (Grewal 19,54) 
while Steinberg (1942), and Brock (1951) obtained only poor growth of Asptwiilm 
niger and Morchella esculenta. 


The fungi used in the present investigation supported good growth on acefa- 
and in this aspect they were similar to the fungi investigated by Srivastava 



(1^^ but Brock (1951) obtaiacti only poor ^o- 
wtb otMorchella esculmta A^Ho (1948) reported that Polychytrivm aggreg^um 
was unable to use urea which supported poor growth of the two strains of F. coerule- 
um. The present results were similar to those of La Fuce (1937) UoDal et al riQ^S'i 
Wooster and Cheldelin (1945) and SrivasUva (1951). #he Sh Tpeptone S 

by Sr?vastZvMi95$ supported poor growth of Alternaria tenuis investigated 

tbe present investigation that the two strains ofF. coerule- 
themselves but they can utilize nitrates. ammoS 
sato and or^mc somces of nitrogen. They are unable to fix the atmospheric nitro- 

irkobbiL (1937) ^ 2 of the classification proposed 

SUMMARY 

The growth of t]^ two strains of F . coeruleum isolated from potato and Colo~ 
casia antiquorum on. different nitrogen compounds has been studied. The two funsi 
could not grow in the complete absence of nitrogen from the medium. Potassium 
f/itaw ^be best growth of the Colocasia strain while acetamide was most 

suitable for the potato strain. The two fungi could grow on sodium nitrite which 
suppor ed good growth of the Colocasia strain but poor of the potato straim S 
poorest growth of the two organisms was on hydrazine hydrochloride. Both the 

by Robins (1937)^^“'” ^ classification proposed 
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OBSERVATIONS ON THE FEEDING HABITS AND DIGESTION 
IN THE LARVA OF Dacm cmurbitae COQUILLETT 
(DDPTEIA : IRYPITIDAE) 

Sy 

U. S. aMVASTAVA md P, D. SRIVASTAVA 
Department of Zoology, University of Allahabad. 

(Received Oft 13ttJ October, 1956) 

Dacus cucurbitae is a serious pest of cjucurbitaceous fruits, althougJt it has 
been reported occasionally from fruits of other families as well. 

The adult fruit fly docs not ca^ any damage to the crop by feeding, since it 
only rasps nectar from the flowers. But its female ruptures the epicarp of fruits 
with its ovipositor and deposits the eggs in the mesoairp witlt the micropyk po.niing 
towards the endocarp. Young, soft and juicy fruits are preferred for this purpose 
to older fruits with hard epicarp. On hatching, the larvae feed on the pulp and f tad- 
ually move inwards in the fruit, all the time passing their excreta inside the fruit. 
When most of the pulp has thus been eaten away, the larvae again move towards 
the surface and finally migrate to other fruits in search of more food or into the soil for 
pupation. 

Normally, eggs are not laid in older fruits ; but in the bitter gourd, luffah and 
snake cucumber, tn 'which tl« epicarp does not become particularly hard even in ad- 
vanced fruits, eggs may be laid, in all exet^ in the very old stages. In the absence of 
siiitable cucurbitaceous fruits, eggs may be laid in ripe tomatoes as well. 

The fact that the pest is attracted speeWfy to cucurbits, and its preference for 
Momordiea chororaia Ctteumis mekt vat. utUissimus in May and June, when 
several cucurbits are grown side by side, shows the existence of well developed senses 
of smell and taste in the pest. 

DETERMINATION W THE HTflMKOGEN-ION CONCENTRATION 

In view of the very small quantity of secretion available in the different parts 
of the gut, aM failure to feed the larvae on indiaitors, pH comparator and pH 
metre methods were abandoned in favour of indicator paper method for 
determination of pH. 

The larvae were starved for four to six hours to clear their guts of the 
food contents to a considerable extent, and then dissected in their own haemolymph. 
The salivary glands and the different parts of the alimentary canal were separated, 
gut content, if any, removed with a micropipette, and the inner wall of the gut teased 
gently and brought in contact with the indicator papers (Merck). The pH of the 
peripheral and central regions of important host fruits (from portions in which egg 
layii^ and feeding had not taken place) was also similarly determined. The results 
obtained are given in Tables 1 and 2. 
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TABLE 1 

pH of differmt parts of the digestive system. 


Region pH 


Haemolymph 6'8 

Salivary gland 6'2 

Foregut 6-4 

Midgut &6 

Hindgut 6’4 

Excreta 5’4 — 5-7 


TABLE 2 

pH of the peripheral md oerdral regiom of hnportmt host fruits. 


Region of fruit 


Name of fruit peripheral central (feeding) 

(egg laying) region 
region 


Momordica charantia (bitter gourd) 

Lagenaria vulgaris (bottle gourd) 

Trichosanthes anguina (snake gourd) 

Cucumis melo var. utilissimus (snake cucumberl 
C. melo (musk melon) 

C. sativus (cucumber) 

Citrullus vulgaris (water melon) 

C. vulgaris \a.t.fistulosus (stocks) 

Cucurhita pepo (pumpkin) 

Luffa acentagula (ribbed gourd) 

L. aegyptica (luffah) 


6*4 

6-2 


6-8 

60- 

-6-2 

6-6 

6-2 


6-4 

60 


6-4 

6-0- 

-6-2 

6-6 

6-2 


6-4 

6-2 


dHS 

60 


6-4— 6-6 

6-0 


^5'4""6’"6 

6-0 


6-6— 6-8 

6-2 



The data in Table 1 show a clear rise of pH from the foregut to the midgut and 
then a fall again in the hindgut. Table 2 indicates that a small but distinct differ- 
ence exists in the pH of the egg laying and feeding regions of the host fruits, the pH 
of the latter invariably being lower than that of the former. It appears rele- 
vant that the pH of the feeding region in the different host fruits examined is fairly 
similar, varying between the narrow limits of 6-0 and 6*2. The two regions also differ 
in their moisture content, the outer region having less water. But the percentage of 
water in different cucurbitaceous fruits appears to differ. 

QUALITATIVE DETERMINATION OF ENZYMES 
Tikp larvae were chloroformed and dissected immediately on 4 depression slide 
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in a few drops of distilled water. The salivary glands and the different parts of the 
alimentary canal were removed from other tissues, separated and washed in cold 
distilled water. Each part was then ground separately with glycerine. Any suspended 
tissue in the extract thus prepared was removed and then it was transferred to a 
tube. A few drops of toluene were also put in the tube to prevent access of micro- 
organisms. In view of the small size of the gut, sections of the gut of seveml insects 
were usually taken together for preparing the extracts. 

Different qualitative tests for the detection of the enzymes amylase, maltase, 
invertase , lactase, lipase and proteases were performed with each extract at a tem- 
perature of 37"-38‘’ C. Each test was accompanied by a control test performed with 
boiled tissue suspensions of the same extract incubated under the same condilk rs as 
the test tissue suspensions. Distilled water used during the entire work was freshly 
boiled and cooled before use. 

The tests performed, together with the results obtained are given in Table 3. 
Confirmatory tests and modifications, if any, are presented later. Since no enzyme 
was detected in the foregut and Wndgut, tests with their extracts have not been inc- 
luded in the table. 


TABLE 3 

Qualitative assay of the enzymes in the alimentary canal of the larva of 

jD. cucurbitae. 


Enzyme tested Tests performed Substrate Reaction with extracts of 

for used. — 

Salivary Midgut. 
gland 

) — — — — 


1. Amylase 

2. Maltase 

3. Invertase 

4. Lactase 

5. Lipase 

6. Protease 


Potassium iodide lo- 0'5% boiled -{- 
dine test soluble 

(H. S. Swingle, 1928) starch 
Osazone test (H. S. 15% maltose 
Swingle, 1928) solution 

Fluckiger test (H. 15% sucrose 

S. Swingle, 1928) solution 
Osazone test (H. S. 15% lactase 
Swingle, 1928) solution. 

Brom-thymol test 10% condensed 
(M. C. Swingle, 1930) milk solution 
Albumen test (Hin- Coagulated 
mann, 1933) egg albumen 


‘1 

4 ‘ 


The presence of amylase was further confirmed by picramic acid test and Fluc- 
kiger test with the incubated tissue suspensions already subjected to the Potassium 
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iodide-iodine test. The tests gave positive results, showing the presence of reducing 
sugar, formed obviously by the hydrolysis of starch by amylase. 

The presence of maltase was confirmed by Barfoed’s test and Fehling^s test 

In the test for lipase, instead of a 0*1% solution of brom thymol blue, a l*0%solu- 
tion (4-6 drops) was mixed with 25 ml. of 10% condensed milk solution and 1% 
KOH solution added until the solution turned blue. Equal volumes of this solution 
and the extract were incubated together for 48 hours. 

Tests for proteases were performed at different hydrogen-ion concentrations 
(6*4 and 8*5-9'0). It was found that the enzymes acted equally well under both con- 
ditions. 

Discussion 

A number of outstanding points emerge frem the observatiers in this insect. 

It is well known that most insects, except for certain phytophagous ores, shew 
preference in feeding and Trager (1948) has shown that the choice of food is generally 
determined by the nature of the food and not directly by the nutritional requirement 
of the particular insect. The selection of its food by the larva of D. cucurbitae seems to 
be influenced by no less than three factors, viz., the age, odour, and pH value of the 
fruits. It is noted that the larvae are restricted mainly to fruits of the Cucurbitaceae 
and show preference to Momordica charantia and Cucumis melo var. utilissimus inMay 
and June when several cucurbits are grown side by side. This proves that the insects, 
have a well developed sense of smell. Again, younger fruits are preferred to older 
ones for egg laying purpose, showing the preference of larvae to the former as food 
except in bitter gourd, luffah and snake cucumber. * 

It is observed that the larvae emerging from the eggs laid in the peripheral region 
of the fruits at once migrate to the more central region. In the light of the observa- 
tion that the pH in these two regions of cucurbitaceous fruits differs distinctly, we 
® l^he pH of the food may be an important factor determining 

Its choice. The pH in the peripheral region of different cucurbitaceous fruits is 
generally above 6*2, while in the central region it is 6*0 to 6*2 When the 
larvae have settled down for seme time, eating and passing their excreta in 
th^B pulp, the pH may go up to 7*0 or 7*2. In such a situation, the larvae 

refuse the food available and move deeper in a region where the pH is lower. 

It is thus clea.r that the larvae exhibit a discrimination in their food, going 

f<^^d wiiMn a definite pH range. In other words, we might state 

that wherever the food substance of an insect shows a gradient in respect 
to the hydrogen-ion concentration, the insect can find the region of most suitable pH 
and commences to feed there. There are two other possible reasons for the preference 
shown by the larvae to the inner region of the fruit: greater moisture content and be- 
tter tood value of the material in the central region. With regard to the first, one mav 
state that the moisture content of different host fruits in the two regions respectively 
^ uniform and the percentage of water in the pripheral region of one fruit may 
be the same as in the central region of another. Obviously, therefore, the preference 
tor the central region cannot be attributed to the percentage of water only. Chemi- 
cal analysis of the substance in the two regions of different cucurbitaceous fruits has 
not been done but, as stated earlier, nutritional value of the food may hardly be res- 
ponsible for Its preference. Above all, the fact that when the pH of the central re^ 
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gion rises, larvae migrate from there also, proves that the pH is an Important far^or 
determining the preference. 

As regards the pH in the larval gut , we note a rise and fall in it as we proceed 
from the foregut to the midgut and then to the hirdgut. Tlie pH in the midgut re- 
gion is fairly constant at 6-6, and, therefore, distil ctiy higlrer than that of the food 
substance. Obviously, the midgut pH doe.s not depend on the pH of the food. 
TWs view has been established previously by several workers. Swingle (1931), for 
example, did not note any clumge in the pH of the gut of Popillia pponka larvae by 
feeding them on samples of soil of varying pH, Such a constancy of midgnt pH and 
its relative independence of the pH of the food points to the presence of gome kind of 
buffer mechanism in the mid^t. 

As has been established in other insects, in Darn.? larvae also enzymes arc secreted 
only by the salivary glands and the midpit . The presence of amylase in the sa!i\'ary 
gland and midgut of the larva indicates the ability of hydrolysing and utilising starch. 
Likewise, the ^tection of maltase, invertasc and lactase demonstrates that the hiiva 
can hydrolyse maltose, sucrose and lactose. The presence of lipa.se and protease 
proves the capacity of the insect for the digestion of fats and protein. Hering 
(1926), Hinmann (1933) and Bramstedt (1948) have also concluded that protein is 
completely utilised along with soluble sugars, and Brown (1937) luts demonstrated 
complete absence of protein from the excreta of MeJmmplus hhittatm. Tt is Inte- 
resting that tlw! digestion of protein in Dacus larvae occuns both in acidic, as well as, 
alkaline media. It is possible that the enzyme tesponsihle is active on both *tes 
of neutrality,as noted by Wigglesworth (1953) in the cockroach and blowfly larva or tMt 
there are two distinct enzymes, each acting in a particular region of the midgut. Swh 
regional difference in the midgut pH has also been reported by Wigglesworth (1953) 
in larvae of Tenebrh and larvae and adidts of LucHia. Unfortunately, it has not 
been possible to detect localised differences in the pH with tlw paperln^cator method 
and, at this stage, we are not in a position to say which of the two possibiiities may 
account for the phenomenon. 


Summary 

Dacus cucurbitae lays its eggs beneath the epkarp in ti« peripheral region oi 
the cucurbitaceous fruits and occasionally in tomato. 

On hatching, die larvae move to the central region of the fruit. This habit 
seems to be correlated with the difference in the pH of tlm different regions of ilic 
fruit, the pH of the peripheral region being slightly higher (6'4— 6‘8) art! (hat of the 
central region lower and more or less constant (6-0— 6*2) inallcucurbitaacus fruits. 

The pH of the different regions of the alimentary canal of tlte larva has been 
determined. It differs in the differeat secticits of the gut. Hie midgut pH is rc»t 
affected by the pH of the food. 

The salivary glands seaete amylase and the midgut amylase, maltase, inver- 
tase, lactase, lipase aird protease. 
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ON THE CYTOPLASMIC INCLUSIONS IN THE OOGENESIS 
OF BIRDS ; THE PHENOMENON OF INFILTRATION 

By 

D. N. VARMA 

Department of Zoology, AJlahahad University 
(Received on 3ltli Dcccmk'i 1956) 

It has long been thought that the epithelium of a growing oocyte, kmles urtbrd- 
ing a means of protection, supplies the egg-cell with nutritive material. 1 1 was, how- 
ever, Bhattacharya who in 1925, for the first time, observed in the cgg-ccllsof tor- 
toises that the cytoplasmic inclusions passed out from the follicular epithelium ard 
added themselves to the bulk of the elements in concentration at the periphery of the 
oocyte. The idea that some of the immense number of Golgi bodies present in the 
extreme cortical region of the egg were possibly derived, at least partly, from the 
follicular epithelium also occurred to Brambell in the same year while he worked on 
the fowl, Gallus bankiva. Since then this phenomenon has been observed by workers 
in this laboratory and elsewhere in various animals, both vertebrate and invertebrate. 

An attempt to study tWs interesting phenomenon in tlie sexual ceils of some 
birds was made and the results heroin incorporated fiurtlier confirm the idea that 
infiltration phenomenon is an actuality. The results obtained here are in line with 
the findings of Bhattacharya and Brambell. 

This work was carried out in the laboratory of tire Zoology Department of 
Allahabad University. The author takes this opportunity to express his grateful- 
ness to late Professor D. R. Bhattacharya whose advice and interest were invaluable. 

MATERIAL AND TECHNIQUE 

purpop of the present study five species of birds, Aeeipiter ni.m nisus 
(Fam. Mconidae), Hopbptcrus vcnlralis (Fam, Charadrudae), Ardeida grayii (I-am, 
Aididae), Turdoides terrkolor terricohr(}hm.Turdoideae) and Aeridotherex trisi is trktis 
(Fam. Sturnidae) were used. All these birds were caught loailly at Alluhabatl. its 
deep country side and the ni^bouring jungles in the di.strict of Mirzapur. Severing 
off of the neck, to out open the wind-pipe and the main blood vessels of the neck, 
was the usual method of killing these birds as chloroform and other anaesthetics for 
this purpose, were avoided. The ovarian pieces were then transferred to tlie mml 
cy tological fixatives directly or were first put in Ringer’s salt solution ar;d tJicn placed 
in the fixatives. Tfie whole process, from the killing of the birds to the placing of 
the ovarian tissue into fixatives, did not take more than just a couple of minutes and 
tons , all chances of post-mortem change were reduced to the barest minimum 
Pinching of the tissue by forceps was also avoided. In every case all precautions* 
as recommended in Bolles Lee’s Vade Mecum, were kept in view. * 
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Caial da Pan o,Aoyama in silver fixatives,kcgaud-tupa,:^nker-Heily in ckotoe- 
formol and chrome-osmium fixatives like Ludford’s mcdificaticn of Mann-Kopsch 
fi xative and F. W. A. gave better results and, therefore, these fixatives were extensi- 
vely used. In all these fixatives the infiltration phencmtncn was wellobseived. 

For furhter demonstration of the phenomenon of Golgi infiltration the following 
modification of da Faro, as recommended by Das (1930) was usefully and successful 
ly employed : 

Uraniunr nitrate 1 gm 
Cobalt nitrate 1 gm 
Distilled water 100 c.c. 

Neutral formol 40 per cent. 5 c.c. 

The subssqaent procedure remained exactly the same as in other silver fixatives ex- 
cept for the reduction in the original duration of tire fixing period which was 
reduced from twenty-four to eighteen hours. 

Again the following fixative, as modified by the author, was not only success- 
fully used for the study of the Golgi elements but also gave good results towards the 
study of the phenonTenon of infiltration of this element : 

Cobalt nitrate -5 gm 
Cadminum chloride '5 gm 
Distilled water 100 c.c. 

■ Neutral formol 40 per cent 5 c.c. 


The subseauent procedure continued to be as in any other silver fixative and the fixa- 
tion period also in this case continued to be the usual twenty-forrr hours. 

In all these cases the quantity of neutral formalin (40%) recommended iti Let’s 
Microtomist’s Vade Mecum, proved unsuitable as it res^ted in extreme stonkage 
in the egg-cells. Consequently , the quantity of formalin had to be reduced for a 
successM study of the oocyte in birds (Yarma, 1942). Sections of the paraffin em- 
bedded materials were cut by means of microtome at five microns and sections 
were mounted finally in neutral canada balsam. 


OBSERVATIONS 


While studying the animals under examination in deUil from the cytolcgical 
view point it was observed that in both osmic as well as non-OOTic preparations the 
oocytes at a particular stage displayed profusely and me st beautifully the phencmeren 
of infiltration of both Golgi bodies and mitochondria. These u.clusicns were seen to 
come into the oocyte proper from the follicle ceils. The loll cular epittehum layer 
cells as well as the extreme peiipheiy ol the occyte at this stage in the lire of the 
oocyte are seen studded with both of these inclusions and their passage 
from the former to the latter can best be traced alter the silver me the ds, 
specially by Das’s method and the new toimula , mentioned earlier, wluch is a 
combination of uranium nitrate and cadmium chloride, and also by osmic prepaiat 
tions specific for the demonstration of Golgi bodies and mitochondria respectively. 
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In the course of the present study the phenomenon of infiltration, as seen in the sil- 
ver preparation, were always confirmed by the osmic methods as well. 

The occurance of Golgi bodies in the foll.cular epithelium was extensively seen 
during the course of the present wcrk. Quite a large number of the Golgi elements 
are seen to be indiscriminately distributed around the nucleus in the tolLcular cpilhe- 
liunr and extreme cortical region of the oocyte in irregulw masses (fig. 1) . Ihis 
happens when the epithelial layer has attained a two or three-layered condition and 
there is still no trace of the zona radiata although the limiting membuirc k esily olis- 
cernible. Tliis is the period of utmost activity tor the tbll.cuJar epi.hclium oi the 
egg. Prior to their extrusions the Golgi e.emenls seem to mass toigeiher on the Imr- 
der adjacent to the envestiag egg membrane. This stage is preparawry to lire next 
when the Golgi elemenu are extruded from the fol icidar epi.hclium to the egg. At 
places it can very well be seen that the Gclgi granules are lying luiif-way intiRie the 
t'ol.icular epithe.ium and the other halt in the peii] heiy ot the tgg pn»l'ii ; while at 
other places it may be seen that these giaiuies aie coming out in great nutnbets at 
of places establishing cLarly a connecting link ^tween the epithelial layci 
and the cortical region ot the cocyte. It decicascs in iiuensiiy as the egg grows and 
then tae process ot infiltraiiou is confined to a number of regions or patches. All 
stages of descent from the epithelium to the egg can easily be made out under an oil 
immersion lens. Both the cen-merabrane ot the follicular layer and tlie demarca- 
ting membrane of the oocyte are so thin that they offer no resistance to the infiitmang 
Golgi bodies . Another noteworthy feature is that the Golgi mass present in extreme 
periphery of the egg-cell as well as those occuring inside and at the bases ot ^ folli- 
cle cells are exactly ahke in shape, structure and natiure. Ihetictmil intiliiation 
of the Golgi elements in the birds under study occurred liaptordiy and at ran^m in 
granular form and not in lumps as observed oy Brambcll in Galim hmkim. The in- 
uitrating Golgi elements have nothing particular to dcmarauc them from those that 
are either in the follicle cells or the oocyte proper. After infiltration they get mixed 
up with those of their kind in the egg cell itself situated at the extreme cortical region 
01 the egg in the form of a definite and regular band. This peripheral layer, owing 
to this accumalation of the Golgi granules, becomes dark and of considerable thick- 
ness (Fig. 1) against a clear or stained background of the cytoplasm. Consequently 
it establishes the fact that the formation of the peripheral band of the Golgi oiements 
in cells, partly at least , is due to the infiltration phenomenon. The passage of Golgi 
bodies m two stages or instalments, as in the fowl (Brambeil, 1925) ot the pigeon (Das, 
1931) or their transference through canalicvdar channels, as mentioned in tortoises 
(jtJhattacharya, 1925), could not be noticed in any of the five species of the birds exa- 
anuned. Finally, this phenomenon of the infiltration of Golgi botlic.s, it seemed, 
ceased in very advanced oocytes. 

It 'Was noticed during the course of the present work that the follicuiar cells, 
as was the case with the Golgi bodies, also was profusely packed with fine granular 
form of mitochondria. These numerous and fine granules were seen to be lying 
on both the sides of the follicle cells both in patches and isolated forms facing, on the 
one hand the oocyte proper, arranged excontrically in the cell pointing towards the 
end nearest to the oocyte, and on the other , the thecal layer (log. 2). loirllicr, it is 
sicn at places they establish a continuity by means of these fine granules, between 
those that are in the epithelial layer and those of their kind already deposited at tlie 
periphery through the limiting membrane of the oocyte . Some of these granules, 
like the Golgi ones, were seen to be actually lying half way in the follicular epithelium 
and the cortex of the oocyte itself. Before the formation of the zona radiata the 
mitochondrial infiltration is rather profuse although with its appearance there seem 
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to be only the beginning of a setback in this phenomenon. Hoisrever, still the nuto 
•shondrlal infiltration is quite prominent in all the birds invesl^ted, although its 
occurence is generally in a haphazard manner, re.stricted to certain plaws. With the 
formation of the zona radiata the mitochondrial granules were obse*ved to lie in it, 
establishing , so to say, connections at places with the follicular epitheliunt and the cor- 
texoftheoocyte(Fig. 2); sothatintheclcarlxickgroundofthezor-a ri’diata may be 
seen at such places streaks of very fine granules of mitochondria making their way 
towards the periphery of the egg. This mitochondrial infiltration is. however, neither 
in the form of solid lumps nor so profhsc as tiuit of the Golgi hodies. As eomp;\red 
with the latter the mltochoodrial infiltration, in all the birds examined, remained 
throu^out but a simple, less intensive, and, therefore , comparatively a much less 
impressive phenomenon liable in many cases to escape noitce. Again , n.s in case of 
the Golgi bodies, once the infiltrated mitochondria managed to reach the cortex of the 
oocyte proper, it was impo.ssibIe to differentiate between these and the similar orga- 
nelle that originally belonged to the oocyte. Infiltration of mitochondria from th« 
thecal layer to the follicular epithelium, as mentiotsed by Sii'gh C19.1H1 could not, 
however, be observed durjng the present investigation. But the wjiy in which the 
mitochondrial granules were found to lie, spccialiv their .juxtanue.lear posititm in the 
follicular epithelium, facing the thecal layer suggests very well the possibility of 
such an occurence. 

Thus, the phenomenon of infiltration of the cytoplasmic organelles, from the egg 
membranes to the oocyte, has been observed in a fairly wide range of birds and the 
process is remarkably prominent. 

DISCUSSIONS 


To meet the Katabolio activities undertaken by the growing oocyte the nutri- 
tion of the egg demands an inflow of nourishing substance from every source, irclud 
ing through the intervening folds of the enveloping cells. As such as far back a.s 1870 
Waldeyer thought of the passage of granules from the follicle cells to the oocyte. 
There have, however, been many— though only vague— attempts to explain the exact 
method by which the nutritive substances pass to the oocyte, l.oycz (1905) finds 
that the function of the large follicle cells in reptiles is to furnish substances to the 
oocyte proper for the formation of yolk and she, therefore, suggests the psissage of these 
sustances which may be fluid, semi-fluid or granular through canalicular pixdorgiition.s. 
This phenomenon of infiltrations has a definite bearing on the metabolic activities 
of the oocyte because the migrated Golgi bodies and mittX'hondria increase the res- 
ources of egg nutrition and help in the p’-oduction of yolk. Thing (1918) opines tkit 
the increase in the size of the ovum is the consequent result of the aasumulation of 
yolk by the follicle cells and that the nutritive substances are passed to the oocyte 
from the follicle cells. 


The secretion of substances by the follicle colls into the is, therefore, by 
no means a new idea although the cytological basis of this observance of the pheno- 
menon ofmfiltration from the epithelium to the oocyte is indeed a later one mentioned 
to occur m such a definite manner originally by Bkituicluirya (1925) In the tortoise 
Testudo graeca and Brarabell m the fowl, Callus hankim^ in the .same year. Foliowing 
this , the phe.aomenon has been confirmed by many a worker in both vertebrate ai*d 
invertebrate animals. 

m4» 

TThs pheaoiBenon of the infiltration of the Golgi bodies and mitochoiidxia lias 
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beettiatlter spar ingly recorded, particularly that of the latter inclusion. Brambell, as al- 
ready referred to above, mentioned in GaJlus bankiva only the transference of the golgi 
bodies from the epithelium to the egg but he was unable to throw any light as to the 
egg through the zona radiata. The exact process of the infiltration or passage of the 
Golgi apparatus from the follicular epithelium was shown for the first time by Bhatta- 
charya in Testudo graeca. Later on, the same author in collaboration with others 
(1929, and 1937) was able to throw more light upon the problem by studying 
the phenomenon in birds and some other animals as well. The work of tkeda (1928) 
in Ja^n further lent support to this phenomenon of infiltration by studying the pro- 
blem in a number of birds. There are other workers as well who have described the 
Golgi infiltration from the follicle cells to the egg oocyte in various other animals alike 
as P. R. Bhattacharya (1929 and 1930) in mamnuls or Lai (1931 and 1934) in snakes 
or Clement (1933) in the squirrel. Among the invertebrates the infiltration pheno- 
menon has been acceeded to by workers like Gardiner (1927) in Limulus who thinks 
that the Golgi elements in a way descend from the follicular epithelium. According 
to Steope (1926 ) aljo the Golgi bodies in Nepa cinerea incren.se in the egg 
partly by division and partly through the intrusion, of the same from the follicle cells. 
Nussbaum-Hilarowcz (1917) observed the infiltration phenomenon of the mitochon- 
dria from the muse-cells to the oocyte in Dystiscus while Govaerts (1913) reported 
the phenomenon in Hymenoptera. 

Thus, it will be seen from these foregoing examples as well as what has been 
recorded during the course of the presents work, or a perusal of the literature bearing 
upon this phenomenon, that the infiltration theory of Brambell and Bhattacharya 
has been shown to exist in a large number of caseSj al^ough in some animals it may not 
occur in younger oocytes. For instance, Narain (1956) is unable to observe this 
infiltration of masses of Golgi bodies from the follicle cells in the younger oocytes of 
teleosts as was described by the original authors or as seen by the present author in 
the course of this investigation. De Robertis. Nowinski and Saez (1954) have also 
observed this phenomenon when they say, “The golgiosomes infiltrate into the in- 
terior of the ovocyte crossing the vitelline membrane". 

The extensive work done from this aspect of the question leaves no doubt that 
the phenomenon of iiifiltration is strictly comparable in both vertebrate and 
invertebrate egg during growth and, therefore, the quantity so transferred 
depends on the actual need of the growing oocyte it may be more in such eggs 
whirii form huge quantities of yolk like birds and reptiles or less as 
in seme of the fishes (Subramanium arid Aiyer, 1936) or even rare in the higher 
mammals (Gement, 1933). 

Ail the stages beginning with the accummulation of the Golgi bodies as well 
as mitochondrial granules at one pole of the cell jtnd their passage through the zona 
radiata region when present were extensively seen. 

. The passage of mitochondria from the follicular epithelium into the oocyte itself 
inbirds seems to be either not widely occuring a phenomenon or has hitherto escaped 
the notice of investigators, as compared with the similar phenomenon of Golgi bodies. 
/I been recorded only by three workers viz.. Tlreda (1 928) in more tlran one bird. Das 
u ^ u Singh (1938) in the Vulture. The present au- 

mor has seen mitochondrial infiltration when the zona has not been established. 
Even after the formation of zona the infiltration seemed to continue. It should, 
nowever, be mentioned here that, with the full formation of the zona, the mitochon- 
drial infiltration definitely decreased in intensity. 

But tMs phenomenon of infiltration has been a common ground of controversy 
tor those who refuse to consider the transference of these inclusions frona the follicu- 
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lar epithelium to the oocyte as a case of infiltration. They suggest it as merely the 
accummulation of artefacts in that particular region. Jagersten (19.15) is the chief 
amongst this group and question the validity of this infiltration phenomenon. Accor- 
dingly he questions the observation of Brambell (1925). Bhattacharya (1925) and 
Tke4a (1928) as he thinks it is by no means an easy task to determine merely bv the 
study of sections on what side of the membrane a certain particle lies. Kirkman 
(1938), while making a review of this phenomenon of infiltration 
of Golgi bodies, are also critical and observe thus ; “Tt has been clalnn'd (Bhatta- 
charya 1925, 1929, 19.30: Namin 19.30, Bhattacharya and lal 1929; Bhatfacharv.'i. 
Das and DuU 1929; Narain 1930 and Lai 19.33) that in certain inframammalian ver- 
tebrates the Golgi apparatus of the ovum and the oocyte receives a contribution from 
the cells of the follicular epithelium through a process of direct infiltnifion, hut wri- 
fication of such surprising observations is needed”. Gtalics mine). Some more work 
on the subject is needed to convince there two authors. 


From this it is quite clear that this infiltration phenomenon has not only not 
attracted much of t^ attention of workers but also, as js natural, some of them are 
sc.eptical about it. From observations resulting from the present Investigations the 
author r^gnisos the phenomenon of infiltration beranse (i) the Goigi and mito- 
chondrial el^ements present in the follicle cells are facing toward the egg-membranc 
presenting thus a prima /hc/ccasnto sunport this contention, (ii) some of the Golgi 

lying half-way between the TolHcle cells and the oocytes, 
(Hi) the increase in the amount of the Golgi bodies and mitochondrial elements in the 

oocytes during its growth, as seen in the cortical band, at least partlaflv, needs to be 

accounted for. and (ty) the fhet that inspite of the general dispersal of these cytop- 
lasmlc organelles in the oocyte a perinheral band of the Golgi or mitochondrial clc- 

persist. Tn this contention of his the autWis supported 
extensively by other workers as mentioned above the latest being Narain (1955). 

I t. (192.5) described a canalicular passage for the infiltration of Gol- 

gi DOdies in the case of Testudo ^aeca. But during the course of the present investi- 
gation no such nassage could be observed nor such a mention is made in birds by 

Rrivastava (1934) and Singh (1938). It Is. 
^ 5 ** ^i928> alone who has made a definite mention about the infiltration 
the thecal ceil« to the enitheHal layer while Singh (1938V 4jl(hough 
not able to confirm the findings of Das n931) — ogives support to this part of the pheno- 
menon only as far as mltchoodrkl Infiltration |.s concerned. The present author is 
wbh the views exnressed by these two authors that theca! Infiltration 
o « i” p’^esenee of the Inclusions in the theca aggregated 

epithelial layer: the reasons for the thecal Infiltration also being to augu- 
fn miff ttf oocyte If and when these elements arc meagre in quantity 

to meet the growing reauhements of the oocyte Itself. 

Drove ofwlatQi^t^^’^^?c'® Phenomenon Is further enhanced, and it should 

havlalsbheen Sd^^^^ cytoplasmic inclusions 

evS To responsible for the production of reserve food material of the oo- 

eJntrated lawr a/ of forming a con- 

S?nt toX iowth nf <^feP®rsal of these borUcs^s sub- 


SUMMARY 

The ovaries of five species of Indian birds, Accipiter nisus nisus, Hohptems ven- 
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iraiis, Ardeoia grayii, Turdoides terricolor terricohr aad Acredotheres tristis tristis 
were examined during various seasons in which only in case of Ardeoia grayii striated 
zona radiata could be seen. Otherwise it continues to be a simple unstriated region. 

The infiltration of the Gogi bodies from the epithelial cells into the oocyte was 
detected, in all the birds examined. The extrusions of the elements from the foilicular 
epithelium took place in granular form and not in lumps. After coming into the oo- 
cyte these enriched the peripheral concentration of the Golgi elements. No distinc- 
tion, however, coidd be made out between those originally belonging to the oocyte, 
the Golgi bodies present in the follicular cells or those that had infiltrated. 


The phenomenon of infiltration of mitchondrial element was also observed ex- 
tensively during the present work. The infiltration of this element took place in a 
haphazard manner both before and after the formation of the zona radiata. The 
zona radiata remained a homogenous and non-striated structure in all the birds 
examined except in case of Ardeoia grayii as said before. However, with the 
formation of tire zona radiata the infiltration of mitochondria decreased only 
in intensity. Here again, as was the case in Golgi infiltration, no distinction could 
be made out between the mitochondrial elements that had infiltrated, those that 
accumulated at the periphery and those that were found in thelbJicular epithelium. 

An additional source to augoment in the agency for the elaboration of reserve 
food material by the oocyte is suggested to be the purpose of this infiltration pheno- 
menon of the cytoplasmic organelles. 


LfiTTJERlNG AND EXPLANATION OF PLATE 


D.C. 
1. G. 
LM. 
L. C. 
T. E. 
T. 1. 
Z. K. 


Dark staining cell 

Infiltration or Golgi material in patches 

Infiltration of mitochondrial material in patches 

Light staining cell 

Tncca externa 

Theca interna 

Zona radiata 


Fig. 1 Part of an oocyte showing a portion of the theca, follicular epitlielium and 

the periphery of the oocyte to show infiltration of Golgi bodies. Oijal 
toned and stained with Safranin and light green. 10 x 90 Accipiter nisus 
nisus. 


Fig, 2 Part of an oocyte showing the infiltration of mitochondria haphazardly 
through zona radiata. F. W. A. with Champy-Kull staining. 10x90 
Acridotheres tristis tristis. 
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MONOGENEA OF fNDIAN FRESH- WATER FISHES^gi 

V. Daetylogyrus muhispiralis n. sp. (SUBFAMILY DACTYLO(iYRINAE) 
FROM THE GILL FILAMENTS OF Slbntlia siltmdia {Haut.), 

FROM LUCKNOW, INDIA. 

S. L. Jain 

Zoology Department, Lucknow Vnivvrxily. 

(Read at the Twenty-sixth annual Ses.sionof the Academy at Aligarh on 4»h l ebruary, 145?) 

While working on the monogcnetic tremau dc.s infesting the fresh-waier fishes 
commonly found in Lucknow, the present author came across an interesting species 
of Daetylogyrus vfhkh £onm the subject of the present paper. St Veial specimens of 
this trematode were recovered front ihc gill filamcrts c-t Siiandia silomlin (Ifajn.). The 
recovery of treinatodes was made by the refrigeiaiit.n tcchriquc ol Middle (1936). 
Measurements of all chitinised slruciurc.s were made after the niclhcd .st ggesiid by 
Mizelle (193«). 


DACTYLOGYRUS MULTISPlRALbS n. sp. 

Elongated dactylogyrids (Fig. 1), body length 0-62-0-7K mm., widlliat ccpluihc 
lobes 0 034 mm., nuixunum bedy width 0-086 inm. Head t>rgiins, four psiirs. 
Eye-spots, two pairs, posterior larger than the anterior pair. Pluirynx 0 037 x 0-032 
mm., intestine bifurcate, crura confluent posteriorly. 

Haptor (Fig. 2) 0 08-0.083 mm. in length , 0 ()58-0 074 mm. in width. Armature 
of the haptor consists of a pair of anchors, a bar, a pair of shot t supportit g bar.s and 
seven pairs of hooks. Anchors with expanded superficial tind in.siginftctuil deep root, 
each with single wing not reaching upto the points. Length of the anchor 0(H.Lt)-tM9 
mm., width of its base 0.01 mm., length of superlicial root «-Ol-0 0t 1 mm. Bar .slrai- 
ght, with anteriorly directed extremities, 0 02.1-0-026 mm. in length. Supporting 
bars lie at the base of the anchors, each 0-01-0-t)12 mm. Hooks .sickle-slutped, con- 
sisting of a base, a shaft, a sickle-shaped portion and an appusahle piece. Length of 
hooks 0-006-0-008 mm. 

Testis intercaecal, 0.02-0.03 x 0-1-0-13 mm. Yas deferens .slender, vesicula semi- 
nahs not clear. Copulatory complex (Fig. 3) consisting of a very long spirally coiled 
crrrjw and an accessory piece. Base of the cirrus slightly swollen, the number of 
crrrhal loops varies from 15 to 19, the diameter of the loop.s being 0-t)49-0-076 mm. 
The accessory piece is firmly articulated to the disUil end of the cirrus, consisting of 


* Being part of the thesis approved for the Ph. D. degree of Lucknow University, 1953. 
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5-6 plates arranged in a floral fashion. Ovary pyriform and pretesticiilar, 0-C45-0 C6X 
0.02^.027 mta. Vagina XFig- 4) sinistral, chitinised ard tubular, with flask-shaped 
mouth continued into a coiled vaginal tube ending into the feceptacujum sem^irtis. 
There are two transverse and three circular loops in the vaginal tube. VitelJaria trcm 
pharynx to much beyond the caecal union. Vitelline ducts ^ slender. Sii gle egg 
(Fig. 5), -observed in some specimens, oval with, 3, blunt projection at the narrower 
end, measures O' 04 x O'Obmm. 

DISCUSSION 


The present form is assigned to the genus Dactyhgyrus Diesing, 1 850, on account 
of the presence of a pair of anchors a.nd a bar in the haptor. Since the creation of 
another genus Neodactylogyrus Price, 1938, the genus Dactylogyrus has been most 
discussed by a number of authors. Neodactyhgyrus has been recognised by I nee. 
(1938), Kimpcl (1939), Sproston (1946) and Yin and Sproston (1948), rejected by Mizel 
le and Donahue (1944), Monaco and Mizelle (1955),: and ignored by Gussev (1953)> 
Mizelle and Klucka (1953) and Mizelle and Webb (1953). The present wnter reco- 
gnises the validity of Neodactyhgyrus, restricting the species with one bar to the 
genus Bactylogyrus and those with two bars to the genus Neodactyhgyrus. 

Of all the known species of the genus T>actyhgyrus, the present form shows 
affinities with D. apogonis Yamaguti, 1940, D- auricuhtus (Nordmann, 1832) Diesing, 
1850 and D. Nybelin, 1937. From all these species, however, the present 

form can be clearly distinguished in the characteristic shape of the cirrus which is 
thrown into definite loops, numbering 15-19, and the nature^ of the accessory piece, 
consist-ing of 5-6 plates arranged in a floral fashion at the distal end of the cirrus. 

Further, from D. apogonis the present form can be clearly distinguished in (1) 
the shape of the anchor bases, (2) comparative small size of the bar, and (3) very sinall 
size of the hooks. From D. auricuhtus and D. cordus the present form can distin- 
guished in (1) possession of conspicuous supporting bars in the haptor, (2) the shape 
of the bar, (3) the sltope of the hooks. 

The present from is, therefore, assigned to a new species of 'Dactyhgyrus, which 
is named D. multispiralis, the specific name indicating the rature of the cirrus. It 
will be interesting to note here that this is the second species of this genus frem India, 
the first was described by ITice (1938) from two fresh-water fishes of Mysore. 
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EXPLANATION OF HGDPFS 


Fig. 1. Dactylogyrus multispirali.iti.fip. Entire worm, dorsal view. a.c.-Jinlerior 

eye-spots, a.p. -iiccessory piece, cir.<'irnis, c.-egg. h.o.-hcad organs, hp.-haplor, 
int.-intestiiic, ov.-ovary, p.e.-poslcrior cyc-spotf . ph.-pharvnj?. r.s.-rcccptr- 
culum seminis, t. testis, vag.-vagina, v.d.-vas deferens, vit.-viteltoria, vit.d.. 
vitelline duct. 

Fig. 2. T)actylogyrus multiipintlis n. sp. Ifaptor. a.-anchor, b.-har, lt,-l-l».7.~hooks 
1 to 7 s.b.-,supporting Imr. 

Fig. 3. Dactylogyrus imlti.iplra!!.i n.sp. Copulatory complex, a. p.-acccsst>ry piece, 
cir.-cirrus, cir.b.-base of cirrus. 

Fig. 4. Daciyiogyrus luulli.ipiraHs n.sp. Vagina, cir.l .-ciiciilar loop. ni.V.-inouih 
of vangina, r..s.-rcceptr.culum seminis, ir. 1 .-transverse fcop, vj.-vrgirai 
tube. 

Fig. 5. ‘Dactylogyrus multi.ipiralis n.sp. Egg. 
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ON THE STRUCTURE OE THE GOLGI BODIES IN THE 
NERVE CELLS OF FUNAMBULUS PALMARUM 
LINN., THE INDIAN PALM SQUIRREL 

By 

HRISHI BHU TEWARI 

Department of Zoology, University of Lucknow 

(Read at the Twenty-Sixth Annual Session of the Academy at Aligarh on 4th 

February, 1957) 

ABSTRACT 

The study of Gjlgi bodies in the nerve cells of various animals has resulted in 
diverse observations and interpretations. Further, there is a controversy about the hom- 
ologous nature of the Golgi bodies and the sudanophile bodies. The pre. ent investiga- 
tions, on the neurones and spinal ganglion cells, point out that the Golgi bodies and 
sudanophile bodies occur both in localized and distributed conditions. Not only 
they are closely related topographically but they also show one constant structural 
plan namely wrapping of osmlophile, argentophile and sudanophile material, partially 
or completely, over non-neutral stainable vacuoles. Evidences have been pointed out 
and discussed in support of the homologous nature of the Golgi bodies and sudanophile 
bodies in the present communication. 

INTRODUCTION 

The reticular pattern of the Golgi apparatus, advocated by various cytologists 
(Golgi, Bjams, Gatenby & Moussa) has been the most disputed topic even upto the 
present day. The study of these bodies in nerve cells, resulting in diverse interpre- 
tations and observations, has cleavaged the cytologists into opposed groups-some sup- 
porting the reticular pattern, others opposing it, still others advancing new patterns. 

Golgi (1889) discovered the reticular apparatus placed in juxtanuclear position 
in the spinal ganglion cells of cattle and horse embryos and in the latter the apparatus 
was found displaced somewhat towards the periphery of the cell. Esterman and 
Gitlitz (1927), however, failed to observe the Golgi apparatus in adult cats by the sil- 
ver methods, although they observed the same in younger animals. 

Later Holmgren’s discovery of trophospongium as a system of clear spaces or 
tubes in the nerve cells, and its homology with the Golgi apparatus, produced some 
confusion. Cajal (1908, 1915) accepted this homology but Golgi and Pcnfield (1921) 
did not subscribe to Holmgren’s views. 

Penfield (1921) showed that the Golgi apparatus and trophospogium were distinctly 
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scp-iratc inokuions us thi Galgi apparatus Uiid.'rwcut a scries ot changes after axon 
Svjctioa; while the Holiugrcn’s canal remained uacirccted; the iwv» clemculs also di* 
Ifered in form and arrangement. On the other ItJind Beams (I'ht!) maintained that 
the Golgi apparatus and Ho!ing.*eu',s tropho-sponglnm arc homoh gcius structures hut 
differed from Holmgfen by p.>iiuing out that the Golgi apparatus is entirely cytoplas- 
mic and never reaches the surface. Legendre’s (1910) hoinoh gy of the apparatus 
with Nissl substances was also refuted by Beams and Petifield who dcmoinsiratcd 
the two elements simultaneously. 

Parat (1924) oppo.scd the reticular piUtern of the Golgi apparatus and on his 
observations propounded the well known Parat’.s vacuomc theory, neutral red stain- 
able vacuoles constituting the Golgi apparatus. Although subseiptcnl work by CovcU 
and Scott (1928), Baker (1944), Ciatenby and Moussa (1950) have elucidated 
and established the morphological b:isis of the Golgi apparatus, the conceptional in- 
terpretation of the structures still prc.sciU us with ratlically confliclii g vjcw.s. My 
studies on Golgi apparatus {195b> led me to re-exami.ie the validity of these 
ditferent views, especially due to the constiint and complete picture of iltcse suuctures 
obtained by me in the neurones and in the ganglion cells of the spina! cord. 

MATERIAL AND METHODS 

Thin slices of the spinal cord of the squirrel, cut transversely, were fixed in ik 
living condition and treated by the followirg methods: — 

(1) Ludford’s modification of Mann-Kopsch (vide Lee’s Vade-mcctim). 

(2) Silver methods of Da Fano and Aoyama. 

(3) Baker’s (1944) Sudan black metliod for the Golgi bodies in frozen sections. 

Spinal ginglion ceils were also fi.’ccd and pri»cc.sscd by the methods mentioned 
above. Vital staining with neutral red as recommended by Baker (1949) was also 
carried out both in the neurones and the spinal ganglion cells but the results were 
not satisfactory. 

Paraffin sections were cut at (5/‘) and they were bleached and tomd respectively 
after methods (1) and (2) while iri)/cu sections were cut at ( 1 5/e) after method (.)). Silver 
and osmium methods were strictly controlled to avoid any distortion of Uic picture of 
Golgi apparatus. In addition to this few mitochondria! preparations, fixed by slrrid- 
dc method and stained by Iroa-alum-haematoxylin, were prepared ard .studied. 
Osmicated and silvered scelious were studied under ordinary tfticro!ic:opy iis well in 
phase miscroscopy. The study under pJvisc miscroscopy revealed a greater structural 
detail ot the pattern of the Goigi apparatus, particularly in the muleria! fixed after 
Ludtords modification ot Mann-Kopsch, as is pariictilarly apparent if wc compare 
Figs. 3 & 4 of plate 1. Fig. 3 which is a phase picture of the spinal g.uiglion cells re- 
v^ls clMi-ly the vacuolar component of the Golgi apparatus which is, however, not 
visible in the same section (Fig. 4) with ordinary microscopy. Such a useftd 
comparison was initiated by Barer (1947) who first advocated the study of fixed mat- 
erial as well With phase contrast miscroscopy. 

OBSERVATIONS 

In osmium tetroxide preparations of neurone.s the Golgi apparatus Ims been 
observed in the localized condition as well as in the distributed one, and consists of 
a system of vacuoles around each of which osmicated condensed substances make a 
compact wrapping. The phase contrast miorophotograph (Fig. 5) clearly rkmons- 
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trates the vacuolar component of the apparatus. The spinal ganglion cells show both 
the localized as well as the distributed conditions of the Golgi apparatus (Plate 1; 
Figs. 1 , 2, 3 & 4). The localized Golgi bodies have been clearly observed at two places, 
one on each side of the nucleus (Fig. 3). In all the cells studied, a constant structural 
plan of the apparatus is obtainable, namely argentophile or osmiophile substances 
wrapping partially or completely the vacuolar component. This picture is always 
constant although the cells may show different orientations of the Golgi bodies. The 
vacuoles are not neutral stainable vacuoles. Even in those spinal ganglion cells (Plate 1 ; 
Fig. 1) which show distributed condition of the Golgi bodies more or less like a perinu- 
clear ring around the nucleus, the osmiophile substances are observed as filaments 
or rings partially or completely covering the vacuoles respectively. At one point 
in Fig. 1 (Plate 1) the vacuole (V) is seen surrounded clearly like a ring by tire osmio- 
phile component (Os. C). Similarly in Figs. 3 & 5 the wrappings of osmiophile conden- 
sed substances over the vacuoles are clearly distinguishable. 

In Sudan black preparations of the neurones (Plate 2, Fig. 7 & 8), made accord- 
ing to Baker’s method, the same structural plan of the .su^nophile bodies as that of 
the Golgi bodies is revealed. In such preparations the sudanophile substances are 
observed as filaments or rings encircling partly or completely the vacuoles; in addi- 
tion to sudanophile grains being embedded on the cortex of the vacuoles (Plate 2, 
Fig. 7 A). Thus it is clear that there is a close structural similarity between these 
inclusions. Further, there is a topographical relationship between the sudanophile 
bodies and the Golgi bodies, in as much as that both are found in the distributed 
as well as in the concentrated conditions (compare Fig. 7 & 8 with Fig. 1 & 5 respecti- 
vely). Invariably in all these cases, localization of Golgi bodies or sudanophile bodies 
was observed more in young nerve cells, while in contrast the old ones showed the dis- 
tributed phase. 

It is thus clear that in all my preparations the picture of the Golgi bodies is con- 
stant, but it presents two phases, one localized and the other scattered or distributed. 

DISCUSSION 

Coveil and Scott (1928) claimed that the classical Golgi network of the nerve 
cells is an artefact produced by the fusion of neutral red stainable vacuoles ard granu- 
les during fixation; and that on these the excessive precipitation of osmimn or silver 
takes place. On the other hand Beams_(l931) showed in spinal ganglion cells of the 
rat that Golgi bodies and neutral red stainable granules are separate inclusions i.e they 
are not homologous. Later on Baker (1944) advanced the view that the Golgi appa- 
ratus consists of rows or groups of neutral red stainable vacuoles; and that around such 
vacuoles the lipid substance formed cortices, the reticular pattern of the apparatus 
being artificially produced by running together of these lipid cortices and forming 
strings or mesh-works over which reduction of silver nitrate or osmium tetroxide takes 
place. Thomas (1948), working on the sympathetic neurones of mouse and rabbit, also 
showed the Golgi apparatus to consist of a dispersed system of spherical bodies, each 
made of a neutral red staining core (the vacuome of Parat) enveloped in alipodal she- 
ath or cortex. In 1949 Baker nolonger held the vacuoles to be neutral red stainable and 
thus his original conception of the four Golgi components became reduced to two, 
as the specificity of the netural red to the vacuoles and also the presence of diffused 
lipoidal substances between the vacuoles were excluded from his first plan of the 
Golgi body components. 
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So we see tliat recently doubts have been cast on the specificity of neutral red 
in revealing the Golgi apparatus. Gatenby and Moussa (1950) arc of the opinion tlmt 
the neutral red staining is not known to reveal the Cmlgi apparatus in any wrte- 
brate cell. Tire present observations lend a strong support to the later modified 
view of Baker ( 1949 ) for in my preparations the neutral red does not .stain 
the Golgi bodies, and also there is no sign of diffused lipoidal sithstanee aftet MHiino. 
phile preparations. Further no separate neutral red stainalde bodies s«-em to esist 
as reported by Beams (19.TI) in rat .spinal gingfoii cells. In vicwtff tlieseob.seis.iiions 
made by Baker and now by me , it is difficult to suppoit Moussa‘.s (l‘)52) aigument 
based on Beams (1937) and his (Moussa) collaborator-Oatcnby*.s obsei v.ifimts that since 
neutral red is non-specific for Golgi bodies, the vacuoles themselves are non csiHtent. 
His argument wants to di.sprovc th*; association of vacuoles in the (htlgi hrdtes of 
Baker’s conception, inspite of the fact that Baker himself no louKcr believes in the 
specificity of neutral red to the vacuolar component. Moiissit may be justified in not 
believing in the “neutral red Golgi apparatus“of Parat,Covcl!aiid.^ot{ or Thoms, 
which is also supported by the present observations but certainly his attempt to re- 
ject Baker’s modified conception (1949) stands on flimsy grounds. Jt will, therefore, 
be seen that there are few cytologists who believe in the ewigina! I»arai’.s vaeuome 
hypothesis but certoinly the modifKSUion.s introduced by Baker Jtave found a great 
deal of support from various workers including myself. In the present observations 
both in the case of neurones and .spinal g.rngiion cells the location of condensed osmi- 
cated substances, covering either partially or completely the vacuolar comi orent, 
is more or less similar to the Baket’s pirn. 

It may be stated that simultaneous occurrence of localized Golgi .ipparaius and 
discrete Golgi elements both in the spinal ganglion cells and in the neurones have 
never been observed to occur in the present investigations. The procnce of either 
the localized or the scattered Golgi bodies in these nerve cells, unfolds the possible 
interchmgiability of the two conditions during different pluisesof nerve cell activity. 
Kw.in (1936), studying the spinal ganglion cells of the rabbit, Ims also pointed out the 
evolutionary ch'.nges in the Golgi apparatus during embryonic development. Accord- 
ing to him, in the initial stages the Golgi bodies appear as riuneious black granules, 
whereas in advanced stages they arc gathered at one pole of the r ccleus, latci on form- 
ing a reticulum. At birth the rabbit shows the reticulum completely surrotsnding 
the nucleus. Similar observations have been noted by Alexerko (1930) in the spinal 
cord of chick. 

In the squirrel the localized condition can be explained by aggregatimi ofCttflgi 
elements in the juxtanuclear position, clue to restriction of activity in the neighbourhood 
of the nucleus in young nerve cells. This may well be compared to the stale of affairs 
of th-J G:>!gi bodies in developing oocytes. In the oocytes wc find that the Golgi 
bodies are concentrated at one pole of the nucleus (Tewari I95f»). In older cells, 
with the spreading of cytoplasmic activity, it is possible that the Golgi ciemenis fiom 
the concentrated Golgi system seggregatc to other parts of the cytoplasm resulting 
in discrete scattered Golgi elements. That is why we do not find the concentnUed 
and the scattered conditions occuring simultaneou.sIy in the same cell. 

rr- d is simply a matter of aggregation and seggregation 

ot Golgi elements which produce the localized and scattered condititm, and that thcje 
two conditions, are different phases of the si’me elements caused by localized or 
spread-out activity of the Golgi bodies. This is also a first report of the fact that 
localization may take place at one or more places (Fig. 3, Plate 1) in the spiral gang- 
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ivtoussa (1952), warfcing on neurones of mouse, has unconsciously supported 
the present interpretations, by holding that “The Golgi apparatus in young, half 
grown and adult mice, forms a compact network around the nuclear membrane; in old 
animals it fragments to a greater or lesser degree and its distribution becomes more 
wider”. The “fragmentation” of Golgi apparatus, as suggested by Moussa, can be 
replaced by the more appropriate word “seggregation”, siiiTO the structure appears 
as a compact network due to excessive precipitation of osmium or silver over the 
aggregated vacuoles. 

Some of the workers such as Hirsch (1939) and Thomas (1948) have brought 
in the role of mitochondria in the production of Golgi complex. Hirsch believes that 
the Golgi apparatus originates from mitochondria as “Praesuhstanz” which stains 
with Janus green as well as with neutral red. Thomas also has coined a new term 
“Mitochondrial Golgi complex" which is produced by the running together of sudano- 
phile bodies and filamentous mitochondria. AdiimsLore (1952), working on spinal 
ganglion of young pigs has also observed close association of mitochondria on the 
surface of the reticulum of Golgi apparatus. The present observations do rot support 
the possible production of Golgi apparatus as a result of association of mitochon- 
dria. Mitochondrial preparations of the present meteiial have shown the granular 
type of mitochondria with no fixed orientation, as well as by the conspicuous absence 
of the vacuolar elements. Therefore, from the present studies it will not be justified 
to assign a mitochondrial role in the production of Golgi apparatus. 

Further, it will not be out of place to discuss here the views of many cytologists 
wiio believe in reticular nature of the Golgi apparatus, although slightly modified 
from the original conception, in as much as they have shown the reticulum not as a 
solid structure but of canalicular nature. 

Beams (1931) in spinal ganglion cells of rat has observed the Golgi apparatus in 
the form of a typical paranuclear network, as an incomplete reticulum, or as isolated 
filaments of osmiophilie substance. 

As mentioned previously Adarastone (1952) in spinal ganglion cells of young pigs 
has described the Golgi apparatus as a canalicular cytoplasmic reticulum with close 
association of mitochondria on the surface of net. More recently Barer (1947) in 
phase pictures of unstained spinal cord of monkey has shown white canalicular system of 
the Golgi bodies. Moussa (1952) in sympathetic neurones of mouse described the Golgi 
apparatus in the form of a more or less complete network as perinuclear canals. In 
neurones these canals are very narrow, enveloped by thick argentophile Golgi substance, 
w.tile in spinal ganglion cells these canals are comparatively very wide. The present 
observations do not support any of the above conditions as in these cells a uniform 
pattern consisting of vacuoles invested by osmiophile substances is forthcoming. 
The canals, as shown by Moussa, are untraceable- in all the preparations and, 
therefore, it is difficult to reconcile to Moussa’s view who holds that, “The canali- 
cular nature of the Golgi apparatus is well shown when the Golgi filament is trans- 
versely sectioned or when it is cut longitudinally through the canal Some parts 

of the Golgi apparatus do not show canals, in this case the section is passing through 
the wall parallel to the canal”. The mere fact that there are no signs of variations 
from one constant pattern of the apparatus in the spinal ganglion cells of squirrel, 
even when sections are cut in different places, is sufficient to disprove Moussa’s view. 

Lately the sudanophilie nature of the osmiophile substance of the Golgi appara- 
tus as suggested by Baker has aroused much controversy. Gatenby & Moussa (1949, 
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1950) have classified the sudanophile material in mainnulian neurones as Ibliows “(a) 
free sudanophile granules and sometimes rings and creseentK distiihuicd at random 
in the cytoplasm. They were first described as lipid bodies by Ciaccsu in 1910, and 
then redescribed as the true “Golgi elements” by Baker m 1944. numias sn 1948 rc* 
ters to these bodies as spheroid complexes or mulberry spheroids or Goigi complement 
or Baker’s bodies. These bodies are too few and small to foim the relatively veiy 
large Golgi apparatus of vertebrate neurones. Nevertheless a more oi less inUmaie 
connection exists between some of these sudanophile bodies and the in Ipi •.ubstaiicc. 
Furthermore these bodies are minute and few (sometimes absent) in yt ui g animals 
whereas the true Golgi apparatus is at the hciglit of its dcve.opmcnt. In oal iiiiimals 
Ihc reverse is the case, i.e. the sudanophile bodies greatly increase in numlicr and 
size whereas the Golgi apparatus is at its minium size; (b) sudanophile .scaics or leaf 
like bodies spread partly around the individual parts of argcntophilcGolgj substance. 
These are Very clear and numerous in the spinal ganglion, very few and ddtienit to 
make out in the spinal cord cells and usually lacking in sympathetic ncutoiic; (c) pig. 

ment granules which arc cluiractenstic of old neurones I hc p»g» 

ment granules liavc been mistaken by Baker and 'riiomas for the Golgi appjualus”. 

On the contrary in the present observatioms, neurones treated by Bakci’s siidim 
black method show scattered sudanophile bodies (l-igs. 7, 7A; in. 2) and some* 
what concentrated sudanophile bodies (Fig. 8; FI. 2) more or less similar to tioigi 
body’s plan illustrated by Figs. 1, 2, 6 (PL 1) and Fig. 5 (PL 1) respectively, in all 
the sudanopliilc preparations the association of vacuoles with lipeidal substances is 
a constant teature similar to the associations of vacuolar components with osnuopluJe 
substances in Golgi bodies preparations. 


From these observations, therefore, two things are clear i. c., tJiat (he Golgi bodi- 
es and sudanopiule bodies both occur in localized and scattered condUii ns ar.d further 
basic pattern of these inclusions in both these conditions is one and the same, namely, 
constant association of vacuoles with osmicated (=.:lipoidal) investing substances. 


T^herefore the ^me topography of discrete Golgi elements and scattered sud- 
anopile bodies and that of concentrated Golgi bodies and sudanopiule bodies together 
With the »me background of structural plan go to prove Baker’s conception that the 
sudanophile bodies and the Golgi bodies are one and the same thing. At the same time 
these observations give a strong reply to views of Moussa (1952) who difrerciuitUcs 
the Golgt bodies and the sudanophile bodies simply by loctilizcd condition of the for- 
mer and the distributed one of the latter. The question of dilTcrenlialion o{ these 
two inclusions merely on the orientiation ground does not arise at all a.s the identical 
conditions are available in both the cases of the Golgi bodies and the sudanophile 
present matonal the Golgi bodies themselves do not bear any fixed 
^ spnail ganglion cells, which show clearly the locu!i/.ed 
discrete Golgi elements distributed at 
m >n N thi t justilted to say, in the light of Moussa’.s argu- 

different ? The siructuml plan 

sLwn''thSiri^px ^ sudanophile preparations have never 

shown the duplex pattern of the Golgi apparatus or the sudaLphilc bodies. 


phile^od^s) an^observerfafi^j/n nerve cells compact Golgi bodies (» sudano- 

i^^ofder ceils due to dktrlh^^ of activity near about the nucleus but 

of the Golgi elements CsudanoohUp c seggregation 

uoigi Clements (sudanophile bodies) takes place and, therefore, it is but imlural 
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to foresee that in old cells the seggregated elements will be observed and not the con* 
centrated system and in young cells the concentrated system will be observed and not 
the seggregated elements. 

So ace these arguments not sufficient to dislodge Gatenby and Moussa’s appre- 
hensions in the above quoted lines who hold that, “Further more these bodies are 
minute and few (sometimes absent) in young animals whereas the true Golgi apparatus 
is at the height of its development. In old animals, the reverse is the case i.e. the 
suclinophile .scales or leaf like bodies greatly increase in number and size where the 
Golgi apparatus is at its minimum size”. 

It will be further clear from the present observations that neither the scattered 
Golgi elements nor the scattered sudanophile bodies are so small in size or number so 
as not to constitute the localized conditions (compare Figs. 3 &8 with Figs. 1 & 7 
respectively). 

As a matter of fact each Golgi body is associated with a vacuolar component, 
similar to the svidmophile bodies, and so if scattered elements (either Golgi bodies 
or sudinophilc bodies) become aggregated or concentrated on one side or on two sides 
of a nucleus due to restriction ot activity in the neighbourhood of the nucleus in young 
nerve ceils, wc may get the compact localized conditions (compare Figs. 1 & 2 with 
Fig. 3 and Ihg. 7 with Fig. 8). It is in this stage of concentrated system of Golgi bo- 
dies in young nerve cells that the excessive precipitation of osmium or silver produ- 
ces the artilieial net-like structure of the Golgi apparatus, so often reported by 
various workers. 

Therefore it is concluded that the argentophile, osmiophile and sudanophile 
substances represent the trimorphre natuxe of one and the same condensed substance, 
covering either partially or completely the other vacuolar component and the two 
constituents together represent the Golgi apparatus. Further, it seems reasonable 
to deduce that the Golgi bodies and the sudanophile bodies are homologous structures 
on the evidences of their similar structural plans arrd orientations. 
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F,XPl.ANATION OF PLATES 


Plate 1. (Microphotographs) 

Fig. 1. A spinal ganglion cell showing vacuolar awl osmicatcd contpof?e!Us of ifie 
scattered Golgi bodies* somcwlwt di-stributcd in pcriwiclcar position. I nd- 
ford. X 1770. 

Fig 2 A spinal ganglion cell showing distributed coiulition of the tiolgi Innlies 
Ludford. x 1387. 

Fig. 3. Spinal ganglion cells showing the Unsiiiml Golgi bodies with (he osmicsitrd 
and vacuolar components. Ludford. Phase contrast. >. 470. 

Fig. 4. Spinal ganglion cells of fig. 3 photographed with ordiusuy nikroMOi y with 
the same imigniflcatlon (x 470). Note that the vaciujlai iUHl oMincaied 
components are not clearly distinguishable. 

Fig. 5. Neurone showing the ju.xtanuclear localized Golgi apparatus with osnii- 
cated and vacuolar components. Pluise contrast, x 572. 

Fig. 6. A group of spinal ganglion cells sliowing partial «tr complete wrappisig of 
osmicatcd components over the vacuolar part in the distributed tiolgi 
elements. Ludford. x 482. 

Plate 2; 

(A raicrophotograph and camera lucida drawings). 

Fig. 7. Neurone showing the scattered sudanophile bodies, Baker's suitm black 
method (for frozen section). 

Fig. 7A. Camera lucida drawing of fig. 7 showing the .structural rletails of the stub 
anophile bodies, illustrating the close association of suthinoph le bodies and 
the vacuoles. 

Fig. 8. Neurone showing juxtanuclear concentration of sudjinophiic bodies. 
Baker’s suchm black method (for frozen section). 

LETIBRINO OF THE FIGURES 


G. B.— .Golgi bodies; 

Nuc— Nucleolus; Os. C. Osmictited component; 
S. C. — Sudanophile Component; V---Vacuo!e.s. 

* Not consulted in originals. 
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INTRODUCTION 

The importance of the studies on the nutrition of fungi is exceedingly great 
in order to understand their behaviour fully. Vegetative growth, growth habits, 
and reproduction (both asexual and sexual) are markedly influenced by the type of 
nutrients supplied. The study of fungal nutrition has great practical importance 
when applied to fungi such as yeasts, peiicillia, aspergillii etc. The knowledge of nut- 
rition of fungi has enabled us to use some of them as test organisms for vitamins, trace 
elements etc. in various analytical procedures. Such a study is also important in 
systematic mycology since the structure and development of fungi are most easily 
studied on pure culture on reproducible media (Hawker, 1950). The controlled varia- 
tion of the composition of suitable artificial media has enabled the study of fungal meta- 
bolisni. As pointed out by Nickerson and Williams (1937), the knowledge of the 
nutrition of pathogenic fungi may throw light on the cause of their parasitic mode 
of life and further progress may thus be made toward the specific treatment or preven- 
tion of the diseases caused by them. 

Very extensive and critical studies on the nutrition of fungi are well under way 
in other countries (Nickerson & Hopkins, 1947; Wolf and Wolf, 1947; Hawker, 1950; 
Lilly & Barnett, 1951). In recent years several papers luive appeared on the nutri- 
tion of fungi in India, some of which are mentioned under discuss icn. It is aimed to 
carry on such studies in this laboratory as well. This first paper is a prelimirary report 
on the influence of different carbon sources on the growth and sporiilation of Colleto- 
trichum capsici (Syd.) Butler & Bisby, the incitant of the die-back of chillies {Capsi- 
cum annum Linn) 


MATERIAL AND METHOD 

Several monosporic isolates of C. capsici were made from the infected fruits and 
stems of chillies, collected from different localities of Amritsar and Gurdaspur districts 
(Punjab). Monosporic isolate CC 5, which showed rapid rate of growth and profuse 
sporulation, was selected for investigating the carbon nutrition of the fungus, and is 
deposited in the Herbarium of the Punjab University. The basal medium C (Dextrose 20 
gm KNO 3 5gm., KH 2 PO 4 1 gm., MgS 04 ^H^O 0*5 gm., Fe^ ( 80^)3 6 Hp 0-&05 gm. 
and Distilled Water 1000 ml.), devised by the authors, was found to be quite good for 
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the stowth of the fungus and was employed throughout the present woric Unless 
otherwise stated 50 ml of the culture media were p.ppetted into 250 m I-rlt r meycr 
flasH and sterilized at 15 lbs. pressure for 15 minutes. Initial pll of the media was 
adjusted to 6 by the colorimetric method, with the addition of dilute KOII or IK'I 
solution asearliertrialexperimcntsshowcdittobethe opfmnun for the growth of the 

funffus * Buffering of the media was not necessary becsiuse plf of the Nrsa! nwdmm was 
kown to remain within the optimum range for growth of the fungus throughout the 
present studies. 

Stock cultures of the fungus were maintained on potato d<'Sl rose agat fperlrd 
and sliced potatoes 200 gm., dextrose 20 gm.. agar agar 17 gm.. and Ihsiilli d mun 
1000 ml.) slants by repeated .subcuUuring at an interval of two weeks. I his medium 
was found quite suitable for growth and sporulation of the, present organn m. 

Spore suspension was prepared in sterile distilled water with the inoenh m eh- 
tained from seven days old colonics grown on potato dextrose agar. Seedirg of eiil. 
ture flasks was done by adding I ml. of the same spore suspension to ei cli flask with 
the help of sterilized 1 mi. pippettes. 


The glass-ware W.IS always cleaned with potassium dichroma tc .sulphuric acid solu- 
tion and rinsed at first thoroughly with tap water and finally with distilled water. 
Analytical grade chemicals (C. P. or Analar) were mostly employed for the vane us 
experiments. 


All expjrimsnts wire conducted in stationary cultures which were incubated at 
32°C (with a variation of l^C ) for ten days, as preliminary work ivul shown that maxi- 
mum growth of the fungus was reached under these condiiion.s. Uliinvjituiy fhc 
cultures were filtered through previoitsly wc'glted and dried Watsman filter papers, 
dried to a constant weight in a hot-air-oven at 70'’ C, and we-ghed with an analytical 
balance after allowing to cool in a desiccator. Special attention was devoted to the 
process of filtration to avoid the error in determination of diy weight caused by the 
phenomenon of sopping referred to by Bretzloff (1954) in Uie ciisc of Sordaria 
fimicola. The data collected on dry weight of the mycelium and presented in the 
following experiments, represent the mean determination of iitkast three replicates. 
Macroscopic observations on sporulation were also recorded and the daUi are repre.sen- 
ted by the following signs based on visual observations ■ 


— No sporulation, 

' -f- Poor sporulation. 

Fair sporulation. 

-P-1-4- Good sporulation. 

++++ Excellent sporulation. 

EXPERIMENTAL WORK 


Thirty-nine carbon compounds comprisirg 18 carbohydrates, 10 oiganic ackb, 
6 alcohols and 5 miscellaneous ones were tested as sole sow ces t»f carbon li*r mycelial 
growth and sporulation of C. capski. The basal mediunt C (oxciudii'g dc.xtrose) 
was taken and sterilized at 15 lb. pressure for 15 minute.s. The various carbon 
compounds were dissolved separately in distilU d water and the pH was adjusted 
to the neutral point to minimize the possibility of hydrolysis durii g luttoclavirg. 
Sterilization of carbon compounds was done by autcclavii g at 10 IKs. presnue for 
10 minutes only. The compoiuids were then added separately ard ascpiically to the 
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femamder of the medium. *Each carbon coihpound was a<Jded at a concentration 
calculated to provided 400 mgs. of carbon per 50 ml. of the basal medium, which amount 
of carbon is contained in 20 gm. of dextrose present in one litre of the basal medium. 
The media in the flasks were seeded and incubated at 32° C for 10 days after which 
period the data on dry weight of the mycelium, shift in pH, and sporulation were 
recorded. Ten days were found to be sufficient for recording the growth because 
maximum weight was reached by that time. The complete data on carbon nutri- 
tion which are summarized in tables 1 & 2 were collected in three sets of experiments 
conducted under indentical conditions. 

EXPERIMENTAL RESULTS 

The data on carbohydrates as sole sources of carbon are summed up in table 1 
and it is indicated that C. capsid is capable of utilizi ng nearly all the carbohydrates, 
with of course varied growth response on each individual carbohydrate. Pentose 
sugars like d( — arabinose, ribose and some other carbohydrates like lactose and 
inulin yielded only poor mycelial growth. Fairly good growth occured on l(-f-) arabin- 
ose, cellobiose, melibiose, raffinose, pectin and sorbose while good growth was observed 
on fructose, mannose, melezitose, and starch. Maximum growth, however, occured 
on dextrose, sucrose and maltose. Growth was markedly different on 1(-1-) and d( — •) 
forms of arabinose, being much more on l(-4-) form than on d(— ) form. 

The type of carbohydrate exercised a profound influence on sporulation of the 
fungus. The carbohydrates which supported most luxuriant mycelial growth were 
not necessarily most favourable for sporulation. No sporulation was observed on 
sorbose although it supported fairly good mycelial growth; instead only sclerotial 
formation was stimulated by this hexose sugar. Sporulation ond(— -) arabinose was 
also absent. Fairly good sporulation occurred on 1 (-1-) arabinose, ribose, dextrose, 
lactose, melibiose and raffinose. Fructose, mannose, sucrose and melezitose yielded 
good sporulation while excellent sporulation occured on pectin, maltose and starch. 

TABLE 1 

Growth and sporluation of C. capsid in media containing various carbohydrates as 
sole sources of carbon after 10 days incubation at 32° C. Initial pH adjusted to 6 


Carbon source 

Mean dry weight of 
mycelium in mgs./50 
ml. of medium. 

Sporulation grade 

Final pH 

Ribose 

37 


6-8 

1 (-f-) arabinose 

134 

rhrh 

7T 

d (— ) arabinose 

13 


6*5 

Dextrose 

278 

— h 

6-4 

Fructose 

234 


6-9 

Sorbose 

109 

S^ 

7-0 

Mannose 

244 


7-0 


*Starch, inulin and pectin were added at the rate of 18 gms. each per liter of the basal 
medium. 
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Galactose* 

Soctose 

Lactose 

Cellobiose 

Maltose 

Mclibiose 

Melezitose 

Raff i nose 

Starch* 

Inulin 

Pectin 



rf" 




7-2 

271 

+ 4 




fv5 

69 




6-8 

133 

w|«» 




5-8 

268 

w|.« 

*4* 

4 * 

+ 

7-3 

178 

+ 

+ 



5*6 

207 



4 - 


7*4 

160 




+ 

6-5 

.. 



4 - 

7-5 

41 





7*0 

179 



■f- 

+ 

7*8 


Tlio shift in pH of the media containing various carbohydrates was not much 
marked. 


Organic adds, alcohols and other carbon compounds 

The data summarized in Table 2 indicate that various organic acids and alcojiols, 
and oils are only poor substitutes of sucrose in the wirboti nutrition of the fungus. 
Tartaric acid which supports fairly good mycelial growth, however, is an excepunn 
to this general remark. No growth occured on formic acid, sMxstic acid, piop.Oi jc aitd 
and alyoolic acid aitd isopropyl alcohol. Growth on oxaiic acid, stearic acid, meiiiyl 
alcohol ethyl alcohol, butyl alcohol, duloitol, manniud, acetone, acetandde. xylol, 
castor oil and olive oil was negligible, while that on suixinic acid, lactic acid, Uiriatic 
acid and citric acid was somewhat better, 

Sporulation was entirely lacking in a majority of organic acids, alcohols, ami other 
carbon sources tested. Poor sporulation occurred on succinic acid, ethyl alcohol , butyl 
alcohol and mannitol but that on lactic acid was fairly good. Tartaric acid, in .sirorg 
contrast to other organic acids, evoked excellent sporidation as was observed with 
pectin and maltose. 

The reaction of the culture media containing organic acids like siwcinic acid, 
lactic acid, tartaric acid, and citric acid tends to .shift towards tlic alkaline .side. The 
change in pH with other organic acids, alcohols or oils etc. is not well marked. 


DISCUSSION 

Brock (1951) remarked that while interpreting the data on growth in relation 
to the supply of different carbon compounds, it is poiiinciU to i>ear in mind tkil growth 
is a very complex physiological process and as such its magnitude is never deter- 
mined by a single nutritional factor, but on the other hand a set of interdependent 
environmenUd factors are always involved. Judged under this context, the present 
work on C. capsid has a limited scope in view of ijic fact licit only the source of car- 
bon was varied while other factors were kept uniform. Some useful informaticii is 
however, still available when it is borne in mind tluit potassium nitrate was the only 
source of nitrogen throughout the experiments on carbon nutrition. 


No sporulation but only sclerotia were developed. , , ,, 

2. Dry not determined due to difficnifim in siptrtting ta© mycelium from tm 

culture mediunu 
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TABLE 2 


Growth and sporulation grade of C. capsid in media containing miscellaneous carbon 
compounds as sole sources of carbon, after 10 days incubation at 32° C. Initial pH 
adjusted to 6. 


Carbon source Mean dry weight of Sporulation grade Final pH 

mycelirun in mgs./SO 
ml. of medium. 


Sucrose (control) 

304 

+ 

+ 

+ 

6’5 


Formic acid 

0 




6-2 


Acetic acid 

0 




6-3 


Propionic acid 

0 




6-2 


Stearic acid 

15 

_ 



6-3 


Oxalic acid 

5 




5-5 


Succinic acid 

77 

bH 


• 

7-3 


Glycolic acid 

0 




5-5 


Lactic acid 

51 

+ 

+ 


8-1 


Tartaric acid 

157 

9- 

+ 

+ + 

9-2 


Citric acid 

59 




8-1 


Methyl alcohoF 

7 




6-3 


Ethyl alcohoF 

29 




6-3 


Isopropyl alcohoF 

0 




6-3 


Butyl alcohoF 

17 




6*2 


Dulcitol 

14 




6-4 


Mannitol 

11 

+ 



6-5 


Acetone 

16 




6*2 


Acetamide 

5 

_ 



6-3 


Xylol 

7 




6-5 


Castor oil® 


_ 



6-9 


Olive oil® 


•mmmm 
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A majority of the carbohydrates tested supported very good mycelial growth 
of the fungus. Carbohydrates like d-arabinose, ribose, sorbose, lactose and inulln 
proved to be only poor substitutes of sucrose while others like 1-arabinose, cellobiose, 
mslibiose, rafflnose and pectin were fairly good substitutes of sucrose. Good my- 
celial growth occured on fructose, mannose, melezitose and starch. Best growth, 
however, was observed on dextrose, sucrose and maltose. C. capsid has shown con- 
siderable measure of agreement with Colletotrichum indicum ( Ramakrishnan 1947) 
in its carbon requirements. Lactose, for example is a poor source of carbon for both 
these fungi whereas sucrose and maltose have been reported to yield maximum growth 
of C. indicum, as has also been observed for C. capsid. Tandon and Aggarwal 


1. Added without sterili 2 ation. 

2. Dry weight not recorded because of difficulties in separating the mycelium frOm the 
medium. 
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(1956) reported excellent growth of 3 species of Cheospftrhim with mannitol. How- 
ever C. capsid showed very poor growth on niannitol. C. capsid also differs from 
these three species with respect to its growth on some other cirbon compounds. 

C. capsid shows similar response to various carbon compounds as did various species 
of Pythium (Saksena and Mehrotra, 1949). Neither of these authors studied 
the effect of optical activity of arabinose or other carbon compound on t he growth of 
their fungi. Mathur et al (1950) reported galactose as the best and starch as poor 
sources of carbon for the sporulation of Colletotrkhum limkmuihimmm but reverse 
was the situation with C. capsid which showed best spomhtlion with starch and pt or 
sporulation with gilactose. In its ability to ulili’/c pectin, C. raprM shows resembl- 
ance with Vmturia imcqudLs (Lebcn &. Keitt, 1948). The differential growth res- 
ponse observed on 1(4-) and d(— ) forms of arabinose «tn a^ircntly be csplained in 
terms of optical activity of this pentose sugar. Somewhat .similar data on 1(4 ) and 
d(_) forms of arabinose was reported by Stcinl«rg (1942) on Asptrpikux niper and 
Brock (1951) on Morchdla escuimia. While mannose is a good source of carbon, 
its corresponding alcohol mannitol is very poor for tlie vegeUitive growth of ( •. atpskh 
which indicates that structural dilTercnco between lltc carbon compmmds. is a fsictor 
involved in determining the extent of growth, as was shown by Steinberg (i*)42) 
and artino (1949).' 

Organic acids, in general , have been found to be poor sources of carbon for the 
growth of C. capsid. A critical examination of the thita on orgiinic iicids, presented 
in Table 2, reveals that the Humber of carboxylic groups in anorganic acid has a 
bearing on its utilization by the fungus. Thus rganic acids like formic acid, 
acetic acid, propionic acid and glycolic acid which possess only one carboxylic 
group support no growth of the flan^ while others like succinic acid, lactic acid 
and citric acid having more than one carboxylic group, arc much better sources of 
carbon and support relatively fair growth of the fungus. Much more growth m tar- 
taric acid than on citric acid seems to be due to the possession of two hydroxyl groups 
in the former than one such group in the latter. It seems titat both the rjumber of 
hydroxyl and carboxylic groups in an organic acid affects its utilization by C. capsid. 
The view of Hawker (1950) thht only the number of hydroxy! group.s affects tJie utiliza- 
tion of an organic acid, as a source of carbon shall have to be modified in the !i^t 
of the present work. ' ^ 

Sporulation was mtirkedly influenced by the source of carbon employed and the 
response observed was not equally favourable in all citses. Compounds .supporting good 
vegetative growth were not ncocsstirily equally good for sporulation. Best sptuwlation 
was observed on maltose, starch and pectin and this is in agreement with the statement 
of Hawker (1950) that complex carbohydrates like disiicWiarides ami polywtcWuiridcs 
are more favourable for sporulation of fungi in general. 

SUMMARY 

Monosjporio isolates of C. capsid (Syd.) Butler & Bisby were made frt rn the 
infected fruits and stems of cWIlies {Capsicum annum Linn.) and a suitable isolate 
CC5 was selected for farther work on carbon nutrition. Studies on the nuirit ion of the 
pathogen were carried out in liquid basal medium C in stationary cultures. Preli- 
minary work showed that the feingus, when incubated at 32“ C for ten dstys on tto 
basal medium C with initial pH adjusted to 6, yielded good growth. 

The growth responses of the fungus to different carbon compounds as sole so- 
urces of carbon were studied. Good mycelial growth and sporulation did not necessa- 



rily occur on the same carbon source. Best mycelial growth Occurred on dextrose, 
sucrose, and maltose. Good gcowth .occured on fructose, mannose and melezitoSe. 
Fairly good growth occured on 1(4-) arabinose, cellobiose, melibicse, tartaric acid, 
raffinose. and pectin. Poor growth occured on d( — ) arabinose, sorbose, lactose, in- 
ulin, a majority of organic acids, various alcohols and oils. No growth occurred on 
formic acid, acetic acid, prppionic acid, glycolic acid and isopropyl alcohol. 

Best sporulation occured on pectin, maltose, starch and tartaric acid. Good 
sporulation occured on fructose, mannose, sucrose and melezitose. Fairly good spo- 
rulation occured on 1(4-) arabinose, ribose, dextrose, lactose, cellobiose, melibiose, 
raffinose, alanine, glutamic acid and lactic acid. Poor sporulation occured on galac- 
tose, inulin, siKxinic acid, ethyl alcohol, butyl alcohol, mannitol. In general complex 
carbohydrates like disacWiarides and polysachharides proved to be more favourable 
for sporulation than for mycelial growth. 
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STUDIES ON THE NUTRITION OF FUNGI 

11. THE INFLUENCE OF DIFFERENT SOURCES OFNITRiOGEN ON 

THE GROWTH AND SPORULATION OF Colletotrichum capsid 
(SYD.) BUTLER and BISBY 

By 

K. S. THIND and H. S. RANDHAWA 
Botany Department, Punjab University, Amritsar 
(Received on 22nd December 1957). 

It has been shown in the first paper in the series (Thind and Randhawa 1957) 
that gcowth and sporulation of Colletotrichum capsid are markedly influenced by the 
various carbon compounds. This paper deals with the influence of different nitroge- 
nous compounds on the growth and sporulation of the same pathogen. 

MATERIAL AND METHODS 

The material and methods were the same as already mentioned in the first paper 
on the series. The same basal medium C (dextrose 20 gms., KNOj 5 gm., KH^PO^ 1 
gm., MgSOj.THgO 0.5 gm., Fe^ (SO4)3.6H^0 0.005 gm. and distilled water 1,000 ml.) 
was employed throughout the present work on nitrogen nutrition. 

EXPERIMENTAL WORK 

Thirty-two nitrogenous compounds comprising 8 inorganic, 18 amino acids and 
6 miscellaneous organic compounds were tested as sole sources of nitrogen for tire 
growth and sporulation of C. capsid. The various /nitrogenous compounds* were 
added to the basal medium C (excluding potassium nitrate) in amounts calculated 
to furnish 693 mgs. of nitrogen per litre, which amount is contained in 5 gm. of potas- 
sium nitrate present in one litre of the basal medium C. The nitrogen compounds were 
autoclaved separately at 10 lbs. pressure for 12 minutes and then added separately 
and aseptically to the remainder of the autoclaved medium. Initial pH of the media 
was adjusted to 6. The media in the flasks were seeded with the same spore suspen- 
sion and incubated at 32'*C for 10 days. The complete data on dry weight of my- 
celium, sporulation, and shift in pH which were collected in two separate sets of ex- 
periments conducted under identiail conditions, are given in Table 1 and 2. 

TABLE 1 

Growth and sporulation of C. capsid in media containing different inorganic and or- 


* Peptone, yeast extract, and casein were added in amounts equal to that of Potassium nitrate. 
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ganic nitrogenous compounds as sole sources of nitrogen after 10 days Incukition 
at 32® C. Initial pH adjusted to 6. 


Nitrogen source Mean dry weight of Sporulation* Final pH 

mycelium in mgs. /SO 
ml. of medium 




Control 

0 

» 




6.0 

Potassium nitrate 

352 



-f* 


6.5 

Sodium nitrate 

336 

+ 



6.6 

Potassium nitrite 

0 

0 




6.2 

Sodium nitrite 

0 

0 




6.0 

Ammonium chloride 

d04 

■1- 




4,1 

Ammonium sulphate 

145 

+ 




5.0 

Ammonium nitrate 

279 

“I** 

+ 



5.4 

Ammonium phosphate 

264 


1* 

1 


4.x 

Urea 

434 

1 - 


7.t) 

Peptone 

240 

+ 


7.4 

Yeast extract 

415 





6.2 

Casein 

68 





4.0 

Asparagin 

119 

+ 


-j- 


7.0 

L-glutamine 

419 

+ 




7.2 


EXPERIMENTAL RESULTS 
Inorganic Nitrogenous compounds : — 

The data summarized in Table I show Uut C. capxki is cipabk* of utilizing both 
the nitrate and ammonium nitrogen but growth on nitrites of sodium and poias.sium 
is completely inhibited. The nitrate nitrogen is decidedly far better llian ammonium 
nitrogen and furthermore amnronium phosphate and ammonium nitraie support 
quite good gcowdi in contrast to ammonium chloriik or ammonium sulpliate. No 
growth occurred in the complete absence of nitrogenous compounds. 

Sporulation varied considerably on different sources of nitrogen. CuukI sporu« 
lation occurred on sodium nitrate; fairly good on ammonium nitrate, ammonium 
phosphate and potassium nitrate; and very poor on ammonium chloride or ammoni* 
um sulphate. 

Organic Nitrogenous Compounds (Table I) 

While some of Ac organic nitrogenous sources like urea, glutamine ai d yeast 
extract sewd as excellent sources of nitrogen for the mycelial growth, others such as 
peptone displayed good growth and still oUiers like asparagin and aisein proved to be 


•The rating of sporulation into four classes represented* by plus sings was based on careful 
. visual observation only. 
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<5 tits tafjrlor. fixcdlient sjJorutation oocucred on urea, glutamine and yeast extract; 
good on asparagin and peptone but poor on casetn. On the whole organic nitrogen 
proved to be much more favourable than the inorganic nitrogen for the growth and 
sporulation of C. eqpsici. 

Amino acids: — 

The data presented in Table 2 indicate that several erf the amino adkis tested 
served as excellent source of nitrogen for die mycelial ^owth rrf’ C. capski. Best 
growth was observed on L-leucine, dl-leucine, arginine, alanine, valine, predine, glutomic 
acid, dl-isoleucine, glycine and aspartic acid; fairly good on phenyl adanine, trypto- 
phane and histidine; and poor on threonine, tyrosine, cystine , naethionine and lysine. 

Excellent sporulation was observed on l-ieucine, dl4euane, proline and argi- 
nine; good on alanine, valme, isoleuciae a4ad glutamie acid; fairly good on cystine; 
and poor on glycine, tryptophme, aspartic acid, lysine and histidine. No sporulation 
occurred on threonine and tyrosine, the latter alooe induced imly sdorotial develop- 
ment, Phenyl alanine, althou^ supported fairly good growth, did not yield any 
sporulation. 


TABLE 2 

Growth and spoculatioii of C. cqpski in madia oontainii^ different amino acids as 
sole sources of nitrogen after 10 days incubation at 32° C. Initial pH adjusted to 6. 


Nitrogen source Miw-ndry weig^itof Spmulation grade Final pH 

myceliiwi in mgs /50 
mi. of medium. 


Control 

0 

0 




6.0 

Glycine 

484 

+ 




7.0 

Di-alanine 

600 

,+ 

+' 



4.2 

Di-valine 

596 

+ 

+ 

+ 


7.0 

L-leucine 

637 

+ 

+ 



4.8 

Dl-leucine 

617 

+ 

+ 



6.2 

Dl-isoleucine 

554 

*4" 

+ 

+ 

4.4 

Dl-threonioe 

12 

0 



6.5 

EH-b-phenylaknine 

372 

0 




3.9 

L-tyrosine 

171 

SI 




4.0 

L- tryptophane 

299 

+ 




3.6 

L-prolioe 

591 

4" 

+ 

+ 

+ 

5.2 

L-cystine 

147 

-f 

+ 

4.0 

Dl-methionine 

102 

+ 



4.3 

Dl-aspartic acid 

463 

-4- 




7.5 

L-S^utamic acid 

S66 

+ 

+ 

H- 


6.8 

DWysine dihydrochloride 

128 

+ 



4.5 

L-^urgwine monohydrochlo- 

601 

+ 

.+ 

+ 

+ 

4.0 

ride 




L-histidine monohydrochlo- 

378 

+ 




4.1 

ride 






1 No sporuiatiosi but <®ly sd^otia word formed. 
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fclSC^SStON 

C. capsid has shown consi4etahIe nulrUional vcrwiility hy it.-, .ihsliiy hi uti» 
li/.e diverse typos of nitrogenous comiwuncLs. The ahihiy of the fiirgun to ntilbe 
nitrate nitrogen, ammonium nitrogen, and or^inic nilrogeii and furthernwre iKf.uiure 
to utilize atmospiterio nitrogen jitetifics its InclU'iion »i group II of RohhinV 
classification of Fungi and Bacteria based on ilteir nitrogen icquncmcjiii. (Rolihins 
1937). Nitrate nitrogen supported much more growth of the fungus tlnn ammoninm 
nitrogm. Loss growth with ammonium compounds «ut be p.»r!ly attrihused pi the 
shift in pH towards the acidic .side in media coninining these s,rlts. The oii!,rrt.jyon 
that ammonium phosphate supported quite good growth, tn Ciiiitrast to amjuoniun, 
chloride or ammonium sulphate, lends support to the view held by Hawker (1950) 
that ammonium pliosphitie is a belter source of nitrogen ilwn iunmonmm chloride 
or ammonium sulphate because inhibiting hydrogen ion conccntruiion i*. rm hrd less 
rapidly with this salt as the sole source of nitro^ii ilwn with the other two. Nitri- 
tes of sodium and potassium inWbited the growtJi of lire fui gut. a*. h,»<, hrei. iiowit hv 
several other investigators for other fUngi (lUmakrishmin, 1941; <}otdo«, 19M) p,ttd 
et al 1950, Srivastava, 1951, Tandon and Orewal, 19Sh). That nitrites ewted a 
toxic effect on growth is quite logical because the pH at which the fungns was cultmed 
lies on the acidic side where nitrites are known to be toxks. Al acid pH valm*s nitri- 
tes are usually in the form of undissociated nitrous acid which thus produces the uni 
favourable effect on growth (Cochrane and Conn, 1950 ; Nord and Mull, 1945.). 

A majority of amino acids proved to be favourable sources of nitrogen for growth 
of the fdflpr.1vIethtonine,o3«tine tyrosine, andlysine were found to be poor sources as 
was reported with some other fungi by Steinberg {1942) and Uben and Kcilt (194K) 
Tandon and Grewal (1956), however, found good growth of GhmspitHum mmamn 
G. papayae and Cdklotrkhum papayas on methionine. Pelletier and Keitl (1954) 
made a loose classification of amino acid# into "good” (alanine, arginine, asparlw acid 
glutamic acid, glycine and proline), “fair” (histidine, isolcucine. serine, tyrosine ard 
valine), and “poor” (cystine, hydroxyproline, leucine, ly.dnc, methionine, plwnylahm- 
me, threonine and tryptophane) nitrogen source# on the basis of their utiU/aiion by 
a largj number of diverse fungi. The amino acids tested as sole source,# of nitrogen 
for the growth of C. capsid can also be similarly cliwsiricd as follow# : “gmui” souths 
of nitrogen: leucine, alanine, arginine, glycine, aspartic acid, valine, proiine. gluta- 
mic acid and isoleucmc; “fair”: phenylalanine, trypioplume, and histidine, “mmr”; 
threonine, tyrosine, cystine, methionine and lysine. It becomes quite apparent from 
the above that C. capsid shows general agreement wiUt other fungi in it# pattern on 
ammo acid utilimtion. ‘ 


Among the organic nitrogenous compounds tested, urea and gultamine .served 
as ejpellent sou^s of dtrogen for mycelial growth of C. capsid. Brock (1951) and 
OfOr^n (1950) also obtained similar results in their fungi, Tandon and Circwal ( I9S6i 
yo found urea to be a good souro of nitrogen for their three fungi. Urea, however, 
yielded poor growth of ^ fungi Investigated by Srivastava (1951). Peptone is sue- 
ccessMly worked upon by C. capsid and yielded a fairly gW growih, Lockwood 
et al (1936) and Srivastava (1951) also found similar results with peptone on Rhtth 
-4/terflaHa tenuLs rcsoectively. while Tandon and Ciemt (1956) found 
significantly good growth of their ftmgi with peptone. 

Tn ofttitfogen exercised a profound effect on sporulatlon of the fungus, 

lu general compounds which supported best mycelial growth, yielded excellent spo- 
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rulation; oonyei‘sely^coiapopi4s. supj)orti.^’';poor;,growth;^ poor ^pomlation. 

.Another sigaificant dbsei^atiqn Worth' ppinti^^ that excellent' sporulafioiTwas 
always yielded by organic nitrogenous cdnapouhas whicfi are thus bbviously more 
suitable than inorganic nitrogenous compounds fo'r sporiflatipn of C.. capsid. In- 
organic nitrogenous compounds; peptone,- casein, glycine, threonine, phenylalanine, 
tyrosine, tryptophane, cystine, methionine, aspwtic acid-, lysine and histidine yielded 
fair, poor to no sporulation of C. c^s id . T^don and.Grewal, .1956 also got fair, 
poor to no sporulation of their fungi with glycine, phenylalanine,, methionine, aspar- 
tic acid but good sporulation with nitrates, peptones, and histidine. C. capsid yiel- 
ded good or excellent sporulation with urea, yeast extract, aspargine, glutamine, 
alanine, valine, leucine, isoleucine, proline, glutamic acid .and'arginine as was also 
found by Steinberg (1942) with his fungus Aspergillus niger. Tandon and Grewal, 
1956 tonna tmt Gloeosporium papayae failed to sporulate on glycine, leucine and 
glutamic acid but these compounds yielded fair • sporulation .with' G. musarum and 
Colle to trichum papayae.- . . . , 

SUMMARY 

_ Studi es on the nitrogen nutrition of CoHetotrichum capsid were carried out inthe 
liquid basal medium C and data on dry weight and sporulation was recorded after 10 
days incubation at 32° C. The fungus was able to utilize nitrates, ammonium nitro- 
gen, organic nitrogen but not the atmospheric nitrogen. Nitrites completely inhibi- 
ted the growth. Nitrate nitrogen proved to be far better than ammonium nitrogen 
for sporulation as well as mycelial growth. Organic nitrogen, in general, was much be- 
tter utilized than inorganic nitrogen. Maximum mycelial growth occurred on leucine 
alanine and arginine whereas excellent sporulation occurred on leucine, proline, ar- 
ginine, urea and glutamine. Good growth occurred On valine, prOline, glutamic' acid 
urea, glutamine, yeast extract, potassium nitrate,scdium nitrate glycine and aspartic 
acid while good sporulation occurred ofl alanine; valine, glutamic acid, sodium nit- 
rate, yeast extract and asparagin. Fairly good growth occurred on ammonium ni- 
trate, ammonium phosphate, peptone, phenylalanine, tryptophane and histidine while 
fairly good sporulation occurred on cystine, potassium nitrate, ammonium nitrate 
ammonium phosphate, and peptone. Poor to no growth and poor to no sporulation 
occurred oh the rest of the nitrogenous compounds. 
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iiONOGMHEA OF INDIAN FMESH-WATIR 


VI. THREE NEW TREMATODES BELONGING TO THE GENUS 

Neodactylogyrus PRICE, 1938 C FAMILY DACTVLOGYRI0AE ), 

FROM SOME FRESHWATER FISjHES OF LUCKNOW, INDIA. 

By 

S. L. JAIN 

Zoology Department, University of Lucknow 
(Read at the Twenty-Sixth Annual Session of the Acadenty at Aligarh on 4th February 

Gyrodactyloidea has been mainly reported from the fresh-water fishes of North 
America, although a few records are also available from Russia, Europe, Australia 
and Japan. From India, however, the records have been astonishingly few. With 
a view to extend our knowledge in this group of parasites, the present studies were 
carried out in the Department of Zoology, Lucknow University during the years 1952- 
55. 

Our knowledge of the family Dactylogyridae from Indian fresh-water fishes- is 
liimited to five trematodes (Price, 1938; Thapar, 19*18; Jain 1952; Jain, 1952a 
and Jain, 1955). The genus Neodactylogyrus Price, 1938 is still unrepresented from 
India. In the present paper I have described three new species of this trematcde. 

MATERIALS ANiyMETHODS' 

Fishes for the present investigation were purchased from the Lucknow Fish 
Market, at Kaiserbagh. The identification of hosts were made from the papers of 
Stow and Stobbeare (1937) and Chauhan and Ramakrishan (1953). 

Due to large amount of mucus present in the gill filaments of fishes, the trema’to- 
das do not separate off easily and any mechanical means to do so results in tomage 
tO’ the parasites. To overcome this difficulty Mizelie’s (1936, 1938)' refrigeration 
technique was employed. Freezing the fishes tod the simultaneous effects of killing 
the parasites in a relaxed condition and of breaking up the mucus, both of which 
facilitate examination and preservation. Another method employed for tto removal 
of parasites was Hargis’ (1952, 1953) Chloretone technique. The latter method has 
additional advantage of saving time and labour. For the study of structiwes of eri- 
tioa! taxonomic importance, such as the armature of the haptor, copulatory complex 
etc., trematodes were studied in glycerine mounts. In measuring curved surfaces^ 
Mizelie’s (1936, ’38) method was employed. Measurements were made across the 
line subtending the greatest arcs described by those structures i.e.,. in the casaof anchors 
from the proximal tip of the longest root to the distal-end ©f the curve. 

Neodactylogyrus oalbasi n.sp. 

Hosti iMieo calbasu (Ham.) 

Location : Gill filaments. 

Locality j Lucknow, India. 

Host specimens examined : seven. 

Host specimens infected : five. 

Number of parasites studied : Ten. 




.h. •'-pe.f 


It is evident, tlierefore, that the present form is different frcm ail the kno^n 



spscies oi t^eddactytogyrus. It is designated to' a new species whicii is named JV. cla- 
toi, after the host. 

Neodactylogyrus ipdicos n.sp. 

flost: Puntius stigma CuV. & Val. 

Location: Gill filaments. . 

Locality : Lucknow, India. 

Host specimens examined : sixteen. • 

Host specimens infected : two 

Number of parasites examined : Seven. 

Slender, elongated dactylogyrids (Fig. 6), body length 0.95-1.35 mm., maximum 
body width 0.12-0.15 mm., width at cephalic lobes 0.12-0.13 mm. Two pairs of cep- 
halic lobes bearing three pairs of head organs. Head organs of each side joined by a 
common duct. Eye-spots in two pairs, anterior and posterior, the latter with larger 
number of melanistic granules. Pharynx, oval, 0.055x0.03 mm. Pharyngeal glands, 
taking bright stain with Haematoxylin, on both sides of the pharynx. Intestine 
bifurcate, crura confluent posteriorly. Outlines of intestine, in many specimens, 
obscured by the dense vitellaria spread in that region. 

Haptor (Fig. 7^ octagonal to somewhat discoidal, 0.11-0.135 mm. in length, 
0.091-0.12 mm. in width. Peduncle 0.072 mm. wide. Armature of haptor (Fig. 8) 
consists of a pair of anchors, a pair of bars and seven pairs of hooks. Anchors with 
5tout base, short shaft and fine recurved points. Anchor bases with long superficial 
roots while the deep root is represented by two indentations. Wings on anchors reduced 
and do not reach upto the points. Length of anchor 0.058-0.065 mm., width of the 
base 0.016-0.017 nom., length of the superficial root 0.018-0.02 mm. Ventral bar 
long straight shaft, 0.045-0.051 mm. in length. Dorsal bar stout and characteristic 
Y-shaped with a pair of arms in the middle. Length of the dorsal bar 0.043-0.048 mm., 
width at the anterior arms 0.016-0.033, mm., width in the region of the middle arms 
0.028-0.03 mm. Seven pairs of hooks, similar in shape subequal in size. Each hook 
sickle-shaped, with elongated base, an insignificant shaft, a sickle-^slmped portion and 
a curved apposable piece. The dimensions of hooks are as follows : 1 pair 0.034-0.039 
mm., II pair 0.028-0.039 mm.. Ill pair 0.03-0.032 mm., IV pair 0.03-0.034 mm., V pair 
0.031-0.036 mm., VI pair 0.032-0.038 mm., Vll pair 0.036-0.038 mm. 

Testis slender, elongted, 0.3-0.36x0.01-0.02 mm. Vas deferens long and ending 
at the base of the copulatory complex. Vesicula seminalis not differentiated. Copul- 
atory complex (Fig. 9) consisting of a stout cirrus, a small accessory piece and a long 
coiled oirrhal thread. Cirrus stout, tubular with somewlmt triangular base and swol- 
len terminal end. It measures 0.043-0.047 mm. Accessory piece weakly developed, 
being platelike in shape , 0.013-0.015 mm. in length. The cirrhil tlircad is about four 
times the length of the cirrus. Ovary rounded and pretesticular, 0.04-0.046 x 0.02- 
0.026 min. Vagina sinistral, vaginal tube compactly coiled (Fig. 10), opening into 
spindle-shaped receptaculum seminis. Vitellaria from phaiyux to the caccal union. 
Vitelline ducts slender, Joining near the receptaculum seminis. No tgg ha.s been' 
observed in the specimens studied. 

Discussion. Of all the known species of the genus Neodactylogyrus Price, I938 
the present form shows affinities with N. off inis (Bychowsky, 1933) Price, 1938 jj’ 
kulwieci (Bychowsky, 1933) Price, 1938 and N. calbasi n. sp. It can, howeve/ be 
clearly distinguished from these species in important respects. 
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From N. and Nf, kaiwlett, ifce form can bs distlftguisheil in m 

the shape of anchor bases, (2) poor development of awessory piece, (J> wcklc-sha,pe4 
nature of the hooks and (4) presence of a cirrhad thread in the copulatory complex. 

From N. calhmi n. sp. the present form can be distingnKhed in (1) shape of ven« 
tral bar, (2) the size of the fifth hook which is almost similar in size to the rcimining 
hooks, (3) the shape of the accessory piece, and (4) presence of c-irrhal thread. 

It is evident, therefore, that the present form is different from all the known 
species of the genus Nmhetyhstyrus Pritsc, 1918. It k here designated to a new 
species which is named N. indkm. 


Neodaetytogyras cotias w. p. 

Host : /tioAte’ tvtin (Bloch). 

Location : Gill filaments. 

Locality ; Lucknow, India. 

Ho.st specimens examined : eleven. 

Hot specimens infected: Utree. 

Number of parasites stmiied : eight. 


Eiongited dactylogyrids (Fig. U), body length 0.65-0.74 mm., body width 0.1 
mm., width at the oiphilic lobes 0.04-0.06 mm, Two pairs «»f ccphilie lotes, 
(Fig. 12) with five pairs of head org ms. Eye-spols in two |»irs, the anterior and tte 
posterior pair* :the latter with a larger number of laelanisiic granules. Pharynx oval, 
0.02-0.029X 0.025-0.031 mm. The outlines of the intestine could not be worked 
out due to large amount of vitellaria spread in tlmi region. 


H^ptor (Fig. 13) discoidal, 0.052-0.067 mm., in length and 0.05-0.065 mm, in 
width. Pedsmcle short and stout, 0.04 mm. in width. Armature of haptor (Fig 14) 
consists of a pair of anchors, a pair of bars and seven pjiirs of hooki. Fach anchor 
with a stout base, a short shaft and fine recurved points. Anchor fcuses 
bifttcatc, wiUi long blunt nyierikial and short blunt deep root. Wings on 
aoohors not clear. Length of ancluir 0.024-0.027 mm., width of Inise 
0^15“0.017 lam. Ventral bar i« stout transverse slwifi. slightly bent in the 
middle, w.th a iterjorly directed extremities, measures 0.021-0.023 mm. in len- 
gth. Dorsal bar slender with rounded extremities and measttres 0.019-0.02! mm. 
in length. Of the seven pairs of hooks, 1-5 are arranged nrargiiially on the ventral sur- 
m&$ wluJe 6 aad 7 are meduMi and dorsal in posiUon. ikeh hook is crochel-steped, 
coiiwstiM; of an ekw^ted itose, a elmft and aorochet-shaped portion. The dimea- 
mm of are as follows; I pair 0.01-0.012 mm., II pair 0.01641.019mm., 

0.013-0.018 mm., V pair 0.0l5-0.0lh mm., VI pir 
0,008-0,009 mm., VII pir 0.008.0.009 ram. 


Testis slender, elotmted, 0.18-0.21 xO.OI-O.Ol mm, Vesicula seminstlls not clear. 
Copulatory complex (Ftp, 13) consists of a long coiled cirrus and a spoon-likc ac- 
opsMy i^ece, both non-articulate at the bjise. The base of cirrus is swidten and 
the tubular portion is thrown into three coils, iniie nuiximum diameter of each 
coil IS as follows : I coil 0.01-0.012 mm., H coil 0.01.3.0.014 mm., HI coil 0.024-0.025 
w. ihe accessory piece is made up of a ring and a curved Imndle, its total length 
oemg U.0Z7 mm,, and maximum diameter of ring is 0.01 mm. Ovary, ovoid sm 
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pfetosticular, 0.045x0,025 flam. Vagina flot clear. No egg has been observed in the 
specimens studied. 


Discussion. The present form shows affinities with N. simplieimalleatus (Bycho- 
wsky, 1931) Price, 1938, jy Hwrfer/ (Bychowsky, 1931) Price, 1938, N. (Mueller, 
1938) Price, 1938, N. orc/i« (Mueller, 1938) Price, 1938, N. confuscus (Mueller, 1938) 
Price 1938, N. acwf (Mueller, 1938) Price, 1938 and N. rufee/to (Mueller, 1938) Price, 
1938, from amongst all the known species of the genus Neodactylogyms Price, 1938 
It can , however, be clearly distinguished from each of these species in important re- 
respects. 


From N, simplieimdkatus, the present form can be distinguished in (1) the three- 
looped mture of the cirrus, (2) the shape of the accessory piece, (3) the shape of the 
dorsal bar, and (4) the nature of the hooks. 


From iV. wunderi, the present form can be distinguished in (1) the three-looped 
nature of the cimis, (2) the shape of the accessory piece, (3) the shape of the anchor 
bases, and (4) the nature of hooks. 

From jy. bulbus, N. orchis, N. confuscus, N. acus and N. rubellus, the present form 
can be distinguished in (1) the shape of the dorsal bar, (2) the differential develop- 
ment of hooks, (3) the nature of the cirrus and (4) the shape of the accessory piece. 

It is evident, therefore, that the present form cannot be accommodated in the 
known species of the genus Neodactylogyrus Price, 1938. It is hence designated to 
new species wluch is named JV. cotius, after the host. 

REMARKS ON THE GENUS Neodactylogyrus PRICE, 1938 

The genus Neodactylogyrus has an interesting history because as early as 1858, 
Diesing separated t^ species of Dactylogyrus with two bars as distinct from those 
with one bar, but did not name them separately. Price (1938) made a fission in the 
genus and recognised Neodactylogyrus — from Dactylogyrus Diesing, 1850. 
There is a great difference of opinion among various workers as to the validity of 
the gassm Neodactylogyrus. 

The genus Neodactylogyrus has been recognised by Price (1938), Kimpcl (1939) 
Sproston (1946) and Yin and Sproston (1948),-rejccted by Mizclle and Donahue (1944). 

Wood-^dMizelle (1954), ignored by GusseV (1953) Mizclle and Klucka (1953) 

and Maelle and Webb (1953). 

A critical study of the subject reveals that the reasons given to synonymivSe 
the genus Neodactylogyrus with the genus Dactylogyrus ate not very strong. It i.s 
re^rked tliat the ventral bar is mostly vcstigeal and undifferentiated from the dor- 
sal bar bnt the study of the Indian species has revealed tluU both Uie bars could be 
Clearly studied. The generic differences in tire members of the family Dactylogyri- 
oae are mostly based on the differences in the chitinised armature of the luiptor as 
Aft 1 °^J'^®/‘^Pfoductivc system. The present author firmly agrees with Price 
(1938) wno naade the fission in the genus Dactylogyrus on the character of the presence 
ot one bar and two bars. Further, considering the large number of species, the gen- 
era Dactylogyrus and Neodactylogyrus have come to represent now, their recognition 
as separate genera would ease systematic study for future workers. 
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KEY TO THE INDIAN SPECfim OP NiOOACTYUOaYKlJS 


1. Cirrus thrown into loops 
CirrM not thrown into loops 

2. All hooks equally devclopeo . . 
All hooks imcqually developed 


N, m(tm n. sp, 
2 

N. Inditua n. sp. 
IV, calhmi n. »p. 


SUMMAKV 

TTtree new species of the genus Kmitm fyhtgyrm Price, 19.18 have Iwcn dcatibed 
from the gill filaments of some fresh-water fishes of tnekttow. The tremaforks are 
IV. calhuni n.sp. from iMhea callmMu (Ham).; M, itdimt njp, from JFmUm Migtm Cuv\ 
& Val., and A. cmkts ti.sp. from Mttee mffe (Blo«h>. This it tlw first rcaud of 
genus from Indian fishes. Remarks on the ^nus 'fitmkrtyhftyruf have Iwcn given 
to support its generic generic validity, A key for the idcnitnetiion of the Indian 
spooles of Neodmtyhgyrm h appended. 
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Ext*LA3siAtlON OF tHE FIGURES 

Fig. 1. Neodactylogyrus calbasi n.sp. Entire worm, dorsal view, a.e.— anterior 
eye-spots, c.c. — copulatory complex, c. 1. — cephalic lobes, e. — egg, h.o. — 
head organ, hp.— -haptor, int-intestine, ov.-ovary, p. e.-posterior eye-spots, 
ph. — ^pharyn, ph.gl. — ^pharyngeal glands, r.s. — ^receptaculum seminis, t. — 
testis, vag.— vagina, vit.-vitellaria, vit.d.-vitelline duct, v.s.-vesicula 

Fig. 2. seminalis. Neodactylogyrus calbasi n.sp. Haptor, ventral view. a. — anchor, 
d.b.— dorsal bar, h.l-h.7. — hooks nrunber 1 to 7, v.b. — ventral bar. 

Fig. 3. Neodactylogyrus calbasi n. sp. Elements of haptor. a. — anchor, d.b. — dorsal 
bar, h.l.-h.7. — ^hooks 1 to 7, v.b. — ^ventral bar. 

Fig. A. Neodactylogyrus calbasi n. sp. Copulatory complex, a.p. — accessory 
piece, cir. — cirrus. 

Fig. 5. Neodactylogyrus calbasi n.sp. Egg. 

Fig. 6. Neodactylogrus indicus n. sp. Entire worm, dorsal view. a.e. — anterior eye- 
spots, c.c. — copulatory complex, c.l. — cephalic lobe, h.o. — ^head organ, hp.- 
haptor, int. — intestine, ov. — ovary, p.e. — ^posterior eye-spots, ped. — 
peduncle, ph.— pharynx, ph.gl.— pharyngeal glands, r.s. — receptaculum 
seminis, t. — testis, vag. — ^vagina, v.d. — vas deferens, vit. — vitellaria, 
vit. d. — ^vitelline duct. 

Fig. 7-8 Neodactylogyryus indicus n. sp. Haptor and its armature, a.— anchor. d.b.- 
dorsal bar, h.— hook, h.l.-h.7.— hooks number 1 to 7, v.b.— ventral bar. 

Fig. 9. Neodactylogrus indicus n. sp. Copulatory complex (A & B) a.p. — accesso- 
ry piece, cir.-cirrus, cir.b. — base of cirrus, c.t. — cirrhal thread. 

Fig. 10. Neodactylogyrus indicus n.sp. Vagina (A and B). m.v. — ^mouth of vagina, 
r.s. — ^receptaculum seminis, v.t.-vaginal tube. 

Fig. 11. Neodactylogyrus cotius n. sp. Entire worm, dorsal view. a.e. — anterior 
eye-spots, c.c.-copulatory complex, h.o. head organs, hp.-haptor, ov. — 
ovary, p.e. — ^posterior eye-spots, ph.-pharynx, t.-testis, vit.-vitellaria. 

Fig. 12. Neodactylogyrus cotius. Anterior end. a.e.-anterior eye-spots, h.o.-head 
organ, p.e.-posterior eye-spots, ph.-pharynx. 

Fig. 13. Neodactylogyrus cotius n. sp. Haptor, ventral view, a.-anchor, d.b. — 
dorsal bar, h.l.-h.7.— hooks number 1 to 7, v.b.-ventral bar. 

Fig, 14. Neodactylogyrus cotius n.sp. Elements of haptor a. — anchor, d.b.-dorsal 
bar, h. 3 & h. 7. — ^hooks number 3 and 7, v.b. — ventral bar. 

Fig. 15. Neodactylogyrus cotius n.sp. Copulatory complex, a.p. — accessory piece, 
cir.-cirrus, cir.b.-cirrus base. 
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